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CHAPTER!. INTRODUCTION 
Introduction 
Since at least the late 1800' s there has been interest in the historic vegetation ofIowa. 
The discussion of the origin of our prairies, and of the distribution of our native forest 
trees, is as old as our knowledge of the central northwest. The earlier discussions were 
based on our knowledge of conditions as they existed when the white man first appeared 
in this section, and, though some of them are crude, and based upon insufficient 
observation, they fortunately give us at least a partial record of those conditions. (Shimek 
1899, p. 4.) 
From T. H. MacBride (1926) and L. H. Pammel (1896) to G. B. MacDonald (unknown) 
and G. Thomson (1980), researchers, scientists and land managers have been searching for 
better understanding of Iowa's vegetation in the mid 1800s. Government Land Office (GLO) 
surveys of the 1840s and 1850s have been frequently used to document historic vegetation 
patterns. Ho~ever, misconceptions about the amount of timber cover have resulted from 
using these GLO maps and notes (Thomson 1987). MacDonald's report and map to the Iowa 
State Planning Board (1935) is often used as an example of the amount of timber cover in 
Iowa. George Thomson (1987), however, reported that this map and the data that have 
resulted from it do not accurately portray Iowa's timber cover during the period 1832 to 1859 
(see Figures 1-1 and 1-2). It is important, then, that some attempt is made to qualify GLO 
surveys, put them in context and use them in an informed way. 
The magnitude of these early surveys is difficult to comprehend. In this day of aerial 
photography and sophisticated maps, it is easy to take for granted the trials and obstacles 
these first surveyors had to overcome. The early Iowa landscape was documented through 
the eyes of early explorers, scientists and surveyors. They walked and studied the land in a 
way that few contemporary researchers can understand. 
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Figure 1-1 Original forest cover created by B. Shimek In 1899 (Thomson 
1987,p.118) 
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Figure 1-2 Original forest cover created in 1935 for the Iowa Forest and 
Wasteland Survey (Thomson 1987, p. 117) 
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How shall one bring back the upland with its velvet grasses in rippling changing 
shades, an ever varying background for alternating light of sun and storm, or 
picture in the lowlands the wide mantle of the sedges, swarthy green with lustrous 
sheer waving in the breath of summer like the rolling of some darkling water, 
where cloud-shadows are wont to move, softly, like floating islands! (MacBride 
1925, p. 18) 
How often has the thought passed through my mind, while rambling over these 
fertile plains, of the thousands of human beings whose lot has been cast in more 
sterile lands, bound down by oppression and servitude! What happiness could be 
offered to the starving millions of the old world, could the ill-gotten treasures of 
tyrants be converted to their use, and the uncultivated wastes, that now are only 
kept for the use of a few wandering tribes ofIndians, were made the abodes of 
man~ and I believe that many of us now upon the stage of action, will see these 
fertile vales teeming with their ten thousand flocks, and hear from the happy 
cottages the general anthem of thanksgiving and praise, amid these beautiful glens 
and dales, until the prolonged note shall sigh upon the Rocky Mountain's top, and 
the echo be heard along the Shores of the Pacific Ocean. (Parker 1855, p. 70) 
In the midst of these impenetrable masses of tree which cover the face of the earth, 
and whose birth, life and death are exclusively in the hand of nature, one meets 
with extensive and beautiful tracts of meadow land, destitute not only of trees, but 
even of shrubs and bushes; or they sometimes exhibit the still more remarkable 
appearance of groves and clumps of trees, disposed with so much art and 
symmetry that, but for the death-like silence which pervades this vast solitude, it 
would be impossible not to think that they had been placed there by the hand of 
man. It is evident too that the grass in these places has never fallen under any 
scythe but that of Time. This, my dear countess, is a phenomenon which 
bewildered my eyes and my imagination. (Beltrami 1828, p. 132) 
The best available estimate indicates that in all, probably only about 30,000 acres 
ofIowa's original 30-million-acre tall grass prairie remain. (Thompson 1992, p. 9) 
What has been done to the land on which we live? Could these changes have been 
prevented? Is this wholesale transformation of the landscape really a bad thing? Have we 
only tried to secure our place in the world by competition? AIdo Leopold claims that all 
ethics are based on "a single premise: that the individual is a member of a community of 
independent parts. His instincts prompt him to compete for his place in the community, but 
his ethics prompt him also to cooperate" (Leopold 1966, p. 239). What kind of ethics do we 
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possess that allow us to continue to destroy the land, waste its resources and abuse the 
atmosphere? 
These questions are at best difficult, if not impossible, to answer. They indicate each 
individual's desire to live a life that is comfortable and satisfying. In achieving those ends, we 
often make choices that are damaging to the landscape and its long-term sustainability. 
The content of this thesis attempts to make people aware of some of these issues of land 
use and abuse as well as some of the tools and techniques for examining land management 
issues. In the end, however, this work can be used only as a tool, and is thus subject to the 
limitations of the data and those analyzing and interpreting the data. Land management 
decisions are not easily made. There is so much interconnectedness in ecological systems that 
it would be impossible to ever completely comprehend the role of humans in this world. What 
land managers do is dependent on better understanding these systems so that the best possible 
decisions can be made . 
. . . do we not already sing our love for and obligation to the land of the free and 
the home of the brave? Yes, but just what and whom do we love? Certainly not 
the soil, which we are sending helter-skelter down river. Certainly not the waters, 
which we assume have no function except to turn turbines, float barges, and carry 
off sewage. Certainly not the plants, of which we exterminate whole communities 
without batting an eye. Certainly not the animals, of which we have already 
extirpated many of the largest and most beautiful species. A land ethic cannot 
prevent the alteration, management, and use of these 'resources,' but it does affirm 
their right to continued existence, and, at least in spots, their continued existence in 
a natural state. (Leopold 1966, p. 240) 
Definitions 
Many of the terms used throughout the rest of this thesis need to be defined and clarified 
as used in this context. 
United States Public Land Survey (USPLS) The USPLS was begun with the 
Ordinance of May 20, 1785 as a way to quickly "dispose" of land in the rapidly expanding 
frontier. This system that replaced the Metes and Bounds system went through many 
changes until the Act of February 11, 1805, which specified most of the survey terms used 
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today. Iowa was surveyed primarily between 1832 and 1859, but was not completely 
finished until 1910 (McEntyre 1978). 
Government Land Office (GLO) The GLO was the agency in charge of administrating 
the USPLS. As the forerunner to the Bureau of Land Management (BLM), the GLO's 
task was to quickly administer the rectangular survey as well as collect documents from 
the surveyors for archive purposes. 
Presettlement Vegetation This term has been widely used to describe the vegetation 
information taken from the maps and notes created by the GLO surveys (Anderson and 
Anderson 1975, Barnes 1974, Delcourt 1976, Goder 1956). However, because the 
surveys were not always completed before Euro-American settlement took place, and 
Native Americans had been influencing the environment for thousands of years, it becomes 
apparent that this is not the best term to use. This study describes vegetation patterns 
based on the data source, GLO vegetation. 
Vegetation In this thesis, vegetation refers to vegetation descriptions made by the 
original land surveyors; examples include, timber, grove, brush, and prairie. 
Topographies These are the field maps included with the original survey notes. These 
"rather crude sketches and plots" were later used to draw the official plat maps (Dodds 
1943, p. 11). 
Plat Maps and Survey Notes These refer to the microfilmed original maps and notes as 
well as the set of notes that were typed during a Works Progress Administration (WP A) 
project in the 1930's and 1940's. These offer one representation of the kinds of vegetation 
that were present before Euro-American settlement. 
Geographic Information System (GIS) There are many ways to describe a GIS. One 
way is to break it down into its component parts. (Goodchild and Kemp 1990, p. 1-3) 
• SYSTEM A group of connected entities and activities that interact for a common 
purpose. 
• INFORMATION SYSTEM A set of processes, executed on raw data, to produce 
information that will be useful in decision making. 
• GEOGRAPHIC INFORMATION SYSTEM A system of hardware, software and 
procedures designed to support the capture, management, manipulation, analysis, 
modeling and display of spatially referenced data for solving complex planning and 
management problems. 
Metadata Essentially, this is data about data. The way that the data source is described 
will become important to the users of that source. Some examples would be the date 
when the source was collected, the original source of the data, the reason the data was 
collected in the first place, and the scale at which a map was drawn. 
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Iowa Department of Natural Resources (DNR) The DNR was the original sponsor ofa 
data digitizing project carried out by Iowa State University to digitize GLO vegetation 
boundaries for the entire state ofIowa. This thesis project is an outgrowth of the Iowa 
State project. In order to better understand the data generated by Iowa State, this thesis 
project examined Fayette County in detail developing a model for creating vegetation 
descriptions from the GLO data. The DNR also requested that the savanna character 
issue be examined by this thesis project in order to give them ideas about how this data 
could be used to define savanna. The DNR has an interest in this thesis project because of 
its value for natural resource management. They use vegetation maps and historical data 
to determine likely land acquisitions, locate vegetation conservation areas, and manage 
existing public land. 
Goals 
There are four main goals in this project: 
1. Describe the metadata for the Government Land Office maps and microfilm 
2. Develop descriptions of each GLO vegetation type 
3. Study how GLO vegetation descriptions relate to savanna character 
4. Describe potential uses of vector-based GIS data and software for vegetation resource 
management 
The first goal relates to the extreme difficulty in working with information from the 
Government Land Office. There are at least four different sets of maps and field notes based 
on the original survey. None of these sources are very well documented, so a primary goal is 
describing the metadata for the GLO maps and notes. By studying historical literature 
describing the collection and production of these data sources, this thesis project can get a 
better idea of which source would be most appropriate for a particular application and what 
applications are appropriate for the data. 
The second goal is to describe the characteristics of each vegetation type in these data. 
There are many variables that can potentially affect the quality of this data source. For 
instance, different surveyors may have different names for the same vegetation type: a five-
acre stand of trees may have been classified as a grove in one county and timber in another 
county. In this study, vegetation types were not aggregated during the data digitizing process 
7 
so that researchers can create their own aggregations according to the descriptions or based 
on the limitations of the data. By studying descriptions of different vegetation types using 
GIS descriptive models, this thesis project shows other researchers the characteristics of each 
vegetation type, its geographic location, and its relationship to other types of vegetation. 
The third goal is to apply information from the vegetation descriptions to the GLO 
vegetation data to examine savanna character in more detail. Although there has been some 
research into savanna character, there is no one clear, complete definition. This has led to 
many misconceptions about savanna character. By using the historical information from this 
study and information from the GIS models, this thesis project attempts to classify and define 
savanna based on the information from the GLO survey. This definition is useful to other 
researchers because it gives them a base from which to compare the information from the 
GLO vegetation to other savanna definitions. 
The final goal of this project is to describe the potential uses for vector GIS data 
structures and software packages for vegetation resource management. Traditionally, 
resource management GIS has been done using a raster-based data structure (see chapter 2 
for definition). With more vector data sources and more software packages able to process 
them, there will be an increase in the number of resource management applications using 
vector data. By using Environmental Systems Research Institute (ESRI) and Autodesk 
software packages, this study explores the possibilities and limitations imposed by using 
vector data structures. 
Hypotheses 
Several hypotheses are tested to help focus and direct this thesis project. They include the 
following: 
1. The Works Progress Administration (WPA) official township plat maps were created 
from the Secretary of State (SOS) field maps 
2. The map of Fayette County in the 1875 Andreas Atlas was created from the WPA 
official township plat maps 
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3. Using statistical measures and comparisons, it is possible to define GLO vegetation 
types for a county in a way that is useful to land managers and future researchers 
4. By analyzing the GLO vegetation descriptions, a definition of savanna character can 
be found that is useful to land managers and future researchers 
5. Using a vector-based data GIS package is appropriate for resource management 
applications. 
These hypotheses are beneficial to this thesis project by helping to further define the goals 
listed previously. They are also beneficial to future researchers who may have many of the 
same concerns and questions as this thesis project. By examining these hypotheses and their 
outcomes, future researchers will have a better understanding of this thesis project and its 
usefulness. 
Expectations 
Ebinger (1987, p. 15) states that historic vegetation information is " ... necessary for the 
study oflong term ecological processes and as baseline data for the study of present day 
communities." This study is important to the State ofIowa and the DNR in that they have 
this information in a format they can readily use, ArclInfo files. These files also come with 
metadata describing the processes and information used. They are able to use this information 
in an informed way for land acquisition, management, and conservation. The vegetation 
descriptions described in the second goal provide more information to other researchers 
allowing them to decide whether the data source fits their needs. 
This study is also important to GIS users. From an educational standpoint, the process is 
useful in other projects that deal with vegetation research. Studying the limitations and 
advantages of the vector data structure is also useful because it gives other GIS users the 
information needed to decide what type of data structure to use and what kinds of problems to 
expect from the data and its source. From a professional standpoint, the process and its 
documentation is useful to future GIS projects as well as some idea of the expected outcomes 
from using this kind of data like accuracy and vegetation composition. 
Using historical vegetation information is a good way to reconstruct the landscape. It is, 
however, very important that the limitations of the data are realized before any analysis can be 
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considered. Achieving the four goals described above will give researchers one more tool for 
making resource management and vegetation management decisions. 
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CHAPTER 2. LITERATURE REVIEW 
Introduction 
The literature review section of this thesis project summarizes the wide array of 
information collected. It is divided into three sections: a history of the USPLS and GLO, 
related historic vegetation studies both in the midwest and in Iowa, and Geographic 
Information Systems technology. 
History of the USPLS and GLO 
This thesis project uses copies of the original USPLS topographies, plat maps and notes as 
the primary vegetation data source for digitizing and spatial analysis. These maps and notes, 
which are from the mid-1800's, are one representation of the way the land looked before 
Euro-American settlement. To accurately interpret these maps and notes, it is important to 
understand the surveyors' methods, materials, and character (personality, sensitivity and 
training) as well as the problems they faced. 
The formation of the United States Public Land Survey (USPLS) system was at best a 
difficult trial. What began as a way for the recently liberated colonies to make money, turned 
into a vast undertaking. The first legislative discussion came under the Ordinance of 1785. 
This established the Geographer of the United States as the director, and began the system of 
subdividing land areas into regular parcels. Specifically, this ordinance established six mile 
square areas called townships (McEntyre 1978). These first townships looked quite a bit 
different from later townships. First, the only things that were physically marked upon the 
land were the township boundaries. Sections were delineated only on the paper maps. 
Second, the numbering system was quite different. The numbers started with one in the 
southeast corner and proceeded north to thirty six in the northwest corner (McEntyre 1978). 
There were many problems associated with this first act. Among the most important was 
convergence. The act made no allowances for convergence of the township lines toward the 
North Pole. This was a problem that was not addressed until the Acts of March 1, 1800 and 
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May 10, 1800 (McEntyre 1978). Another problem stemmed from the fact that survey 
procedures were not clearly defined, no equipment was ever detailed, and specifications 
concerning accuracy were not addressed (McEntyre 1978). 
The next important legislation was the Act of May 18, 1796. This act appointed the 
Surveyor General who was given the power to deputize surveyors to carry out their duties. It 
also allowed for alternate section lines to be run in alternate townships. This system created a 
two mile square grid that began to look more like the later system. The numbering scheme 
started with one in the northeast corner and proceeded west and east alternately through 
number thirty six in the southeast corner (see Figure 2-1). This act also specified that plat 
maps and records had to be submitted by the deputy surveyors to the surveyor general 
(McEntyre 1978). Again, the problem of convergence was not addressed and descriptions of 
the procedures were still not detailed. 
The Acts of March 1, 1800 and May 10, 1800 finally addressed the problems due to 
convergence. The errors for convergence and any error were to be placed along the north and 
west edges of the township (McEntyre 1978). It also declared that every section line was to 
be run, and that quarter section pins were to be indicated on the north and south boundaries of 
the section lines (McEntyre 1978). 
The last important piece oflegislation was the Act of February 11, 1805. This allowed for 
the subdivision of all section lines into quarter sections (McEntyre 1978). Some other acts 
that influenced the system were the Act of April 25, 1812 (which established the General Land 
Office (GLO) within the Department of the Treasury), the Act of May 9, 1830 (which 
provided military protection for the surveyors by the President of the United States), and the 
Act of July 4, 1836 (which moved the General Land Office into the Department of the 
Interior) (McEntyre 1978). 
Iowa was surveyed from 1836 to 1910 (McEntyre 1978). One-quarter of the state was 
completed by 1843, one-half was completed by 1848, three-quarters was completed by 1851, 
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Figure 2-1 Diagram showing a typical Iowa township 
13 
and by 1858, all but 275,000 acres had been surveyed. These 275,000 acres were finished by 
1910 (McEntyre 1978). 
Although it would seem that the legislation did not provide the surveyors with a great deal 
of guidance and direction, there were other reasons for the low accuracy and lack of precision. 
At that point, the new colonies desperately needed money and one way that they could get it 
was from the sale of public lands. They needed to have a system that was efficient and could 
get the job done in a minimal amount of time. Euro-American settlers were beginning to 
populate these areas very quickly and it became imperative that the government survey those 
lands to maintain some sort of order (Dodds 1943). Probably the greatest reason that the 
surveys were not as concerned with accuracy as surveys are today is because land cost only 
$1.25 per acre. These low land prices did not warrant any delay in the survey procedure 
(Dodds 1943). 
The early surveyors were instructed in the field personally by the Surveyor General. As 
the system grew larger and more surveyors were deputized, it became necessary to have a 
written set of instructions that outlined procedures and methods (McEntyre 1978). The first 
set of instructions came from Jared Mansfield in 1804. But the most important set came from 
Edward Tiffin in 1815. Tiffin's instructions outlined most of the basic steps for surveying the 
public domain as well as indicating proper equipment (McEntyre 1978). Some of the 
important sections included instructions for using trees as markers, type of land forms that 
were to be included in the field notes, condition of those resources and any unusual features 
that were seen on the land. Tiffin also gave instructions concerning steep grade measuring as 
well as general instructions about how to record data in the field books (McEntyre 1978). 
The products of these surveys were the topographies and notes created by the surveyors in 
the field. The surveyors were required to tum in one copy of the field notes in ink along with a 
sketch. (Dodds 1943) The draftsmen at the Surveyor General's Office made township plat 
maps at a scale of two inches to the mile using colored ink that showed all of the features in 
the field notes. These maps were copied in triplicate, one for the Surveyor General's Office, 
one for the Government Land Office in Washington D.C. and the third to the local land office 
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for use at public land sales (Dodds 1943). This research project used the original 
topographies for most of the digitizing. If these weren't available, one of the three copies of 
the official township plats was used (Anderson 1994a). Donaldson (no date) describes the 
plat maps. 
The first public land surveys in the area from which the Iowa Territory was formed began 
when the area was part of the Wisconsin Territory (1836-1838). The surveys were made 
by the deputy surveyors and their assistants under the immediate superintendence of a 
surveyor general for a particular district. The deputy surveyors' returns, consisting of 
original filed notes and a topographic sketch of the area surveyed, were examined and, if 
found to be correct, were approved. Draftsmen then prepared three plats for each 
township. When the plats were approved by the surveyor general, the originals were filed 
in his office. The duplicates were sent to the local office having jurisdiction over the 
disposal of public lands within certain townships, and the triplicates were sent to the 
headquarters office in Washington (p. 182). 
Donaldson also goes on to describe what became of the three sets of maps. 
The original set of field notes and plats of township surveys for the area included in the 
State ofIowa is in the office of the Secretary of State in Des Moines. The second set of 
plats, those used in the local land offices in Iowa, was sent to the General Land Office in 
Washington when the last local land office was closed. The plats were rebound by the 
General Land Office, and the 18 volumes were transferred to the National Archives in 
1941. The third set of plats, known as the headquarters office plats, and copies of the 
original field notes remained in the General Land Office until 1959 when they were also 
transferred to the National Archives (p. 182). 
Understanding the men who did the actual surveying is also important. These men were 
for the most part upstanding, conscientious surveyors (Dodds 1943). There were instances of 
fraud within the system, but for the most part, the surveyors were honest. The system of 
deputizing the surveyors required them to swear an oath to the correctness of their work. 
This and the threat of taking the required surety bonds were the only factors that helped 
assure the accuracy of these surveys (Stewart 1935). 
Land surveying was done under a contract system. The deputy surveyor was contracted 
by the Surveyor General at $3.25 per mile for township lines and $2.75 per mile for section 
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lines (Dodds 1943). They were required to pay for all of the expenses of the party until the 
contract was completed (Stewart 1935). The practice, however, began for the Surveyor 
General to finance deputies, thus taking on all responsibility and risk for their actions (Stewart 
1935). It is interesting to note that deputies themselves were in charge of hiring their survey 
parties. The typical survey party consisted of two chainmen, one flagman, one axeman, and 
two mound builders (Stewart 1935). Each was paid fifteen dollars per month plus their keep 
(Dodds 1943). The only requirement was that they also swear an oath. Further instructions 
to the surveyors included "it is enjoined on you not to employ any person whose principles are 
known or supposed to be corrupt. .. nor is anyone to be employed in the capacity above 
stated who is not a free white person, and who has not attained years of discretion sufficient 
to understand the nature and solemnity of an oath" (Dodds 1943, p. 55). 
One of the early influential surveyors was William Burt. In addition to being a deputy 
surveyor, he was also an assistant district judge, a Michigan Territory legislator, and a Justice 
of the Peace (Cazier 1977). Burt's most important accomplishment was that he developed the 
first variation compass. Burt found that the traditional magnetic compass was often distracted 
by iron ore deposits, so he created and patented the solar compass in 1836 (Cazier 1977). 
Burt was also a significant character in surveying history because of his reputation for 
honesty. When working as a survey examiner for Michigan, he found evidence offraud within 
several surveys. As it turned out, these were surveys that he himself had subcontracted and 
signed for security. Nevertheless, he reported the fraud and re-surveyed the areas at 
considerable personal expense (Cazier 1977). 
The early survey equipment was obviously not up to the standards of today's 
requirements. But for what they had to work with, they did a surprisingly accurate job. The 
Gunter's Chain, invented in the 17th century was the accepted measuring device (Cazier 
1977). It was thirty three feet long divided into 50 links each of which were 7.92 inches long 
(Cazier 1977). The problem with this chain was that it was not a good design for the rugged 
surveys that were taking place. Much of the surveyor's time was spent cleaning the muck and 
the debris out of the chain (Cazier 1977). They did try to maintain the chain's measuring 
/ 
I 
16 
integrity by keeping another chain and comparing this unused chain to the working chain to 
determine if it was still accurate. This checking procedure was supposed to take place at least 
every other day and any deviations were to be noted in the field books (Dodds 1943). Other 
equipment included a solar compass similar to the one mentioned previously and a supply of 
eleven chaining pins (Stewart 1935). 
Related Historic Vegetation Studies 
There have been several projects done in other midwestern states concerning 
presettlement vegetation. Ebinger (1987), Anderson and Anderson (1975), Fralish, Crooks, 
Chambers and Harty (1991), and Thomas and Anderson (1990) have all done extensive work 
in Illinois. Ebinger's work in Coles County, Illinois specifically addresses survey records and 
their role in determining presettlement vegetation. His research deals with land coverage from 
the survey notes and determining forest composition from the witness trees. Ebinger also 
relates several problems that he studied in his research. Foremost was the absence of detail 
concerning specific prairie plants. No specific plants are listed, only comments like "land rich 
and rolling prairie" (Ebinger 1987, p. 17). These comments are similar to those found in the 
Iowa survey notes, "This township is all rich, rolling prairie and nothing more can be said of it 
worthy of notice or that would excite public curiosity." (Anderson 1994a p. 15) This lack of 
detail indicates that the early surveyors took a far greater interest in the economic value of the 
forest than they did in prairie. Ebinger also makes an observation about human impact by 
identifying an increase in sugar maple in today's forest. He states that this aggressive species 
was probably held in check by prairie fires and began its dominance only through human 
intervention (Ebinger 1987, p. 18). 
Anderson and Anderson's (1975) study not only addresses forest reconstruction from 
original survey notes, it also goes into greater detail concerning specific analysis formulae and 
procedures. This study is especially relevant in that it discusses statistical techniques for 
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forest distribution. One other study done in Illinois by Thomas and Anderson (1990) is similar 
to the previous one in that it examines densities and distributions of vegetation types, mostly 
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forest cover. The importance of this study is that it divides vegetative types into categories 
based on landscape positions (such as floodplain, terrace, slope and adjacent upland). 
Finally, Fralish and others (1991) make an interesting time-series comparison between 
presettlement vegetation and old growth forests in an area of Illinois. Their study included 
taking samples and field checking the vegetation so that, in the end, they presented some 
strong arguments concerning their definitions and the management practices of the early Euro-
American settlers. 
Another state where much has been done to integrate presettlement vegetation and 
planning is Wisconsin. Studies by Barnes (1974), Goder (1956), Ellarson (1949), 
Neuenschwander (1956), Ward (1956), Steams (1949), Trewartha (1940) and Stoessner and 
Habek (1956) include some of the earliest uses of original land survey notes for vegetation 
studies. Barnes, Ellarson and Neuenschwander all discuss classifications for vegetation types. 
Goder's study is interesting because he gives definitions of some basic land classifications. For 
example, he defines an upland forest as an area protected from prairie fires and consisting of 
sugar maple and beech (Goder 1956, p. 174). Trewartha's study includes a large portion of 
the state of Wisconsin and is thus useful for regional studies. Ward and Stearns' studies 
concentrate on the smaller area of a township. Finally, Stoessner and Habek detail the steps 
needed to reproduce a plat map from the survey notes. This procedure is especially important 
to this project because many of the maps are incomplete and in order to complete the maps, it 
is necessary to make some informed predictions concerning the direction of the lines used to 
complete the vegetation type polygons. Stroessner and Habek also define vegetation types 
similar to Goder. For example, they define oak opening as being an area " ... characterized by 
having 50 to 209 feet between trees or an average of from 50 to 209 links from the point to 
the two witness trees" (Stroessner and Habek 1956, p. 176). " , . 
Other mid-western states that have done similar research include Indiana (Blewett and 
Potzger 1951; Rohr and Potzger 1951; Lindsey, Crankshaw, and Qadir 1965; Potzger, 
Potzger, and McCormick 1956), Michigan (Kenoyer 1930), North Dakota (Burgess 1964), 
Ohio (Sears 1925, Shanks 1953), Missouri (Howell and Kucera 1956, Wuenscher 1967) and 
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Louisiana (Delcourt 1976). These states offer some different viewpoints because, excluding 
North Dakota, they were done using much earlier USPLS surveys. Historic vegetation 
research has also been done in some eastern states. Among them are Pennsylvania (Lutz 
1930) and Vermont (Siccama 1971). The surveys for Pennsylvania were done around 1814 
and for Vermont around 1785 while Louisiana's survey was started around 1813. This offers 
the opportunity to study how new surveying techniques and surveyor education influenced the 
quality of the surveys. 
Iowa has also had a few related studies. Many of these were done for small areas, and do 
not seem to be used in the land planning and management process. Anderson's master's thesis 
(1974) is one of the few projects that was related to digital uses of the presettlement map. 
This study covered Story County, Iowa. Dick-Peddie (1955) discussed forest cover in three 
Iowa counties: Allamakee, Jackson and Lee. Dick-Peddie's research centered on 
reconstructing maps offorest cover from the USPLS surveys and comparing them with the 
forest cover during the 1950s. Because Dick-Peddie's research was done in 1955, it gives this 
thesis project a midpoint in time from which to study changes in vegetation distribution within 
Iowa. Davidson (1961) did a limited comparison offorest resources in Iowa between 1832 
and 1954. He based his comparison on GLO survey information and US Forest Service 
survey data from 1954. Davidson, unfortunately, says only that the information collected 
from the GLO survey was done by "planimetric measurement" (p. 133). He relates the 
decrease in forested land in Iowa to be sixty-one percent, but he fails to tell how the original 
data were aggregated. Again, because this study was done in the mid 1950s, it gives another 
mid-point from which to study. Finally, George Thomson with Iowa State University 
produced a number ofimportant articles (Thomson 1987, Thomson 1980, Thomson and 
Hertel 1981). In 1987, Thomson compared forested areas from 1832 to 1935. Although this 
was basically a paper supporting an earlier project by G.B. MacDonald, it does include a map 
of the entire state's forest cover based on the original land surveys (Thomson 1987, p. 117). 
_, He also discusses some of the errors that researchers can expect when working with 
surveyors' field notes. These include errors due to the one square mile transect framework 
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that the surveys are based on (some areas within the survey lines were never recorded) as well 
as the difficulties in mapping vegetation types because their boundaries were often indistinct. 
One other item of interest is an article by Loomis and McComb (1944). These two men 
believed, and supported with their paper, that the soils oflowa are better suited for a climax 
forest community and not for the supposed climax prairie community. MacBride (1897) and 
Pammel (1896) both support this theory by stating that with the suppression offire, the 
second growth forests in Iowa saw a great increase in the twenty five years following 
settlement. Furthermore, Shimek (1899) goes into greater detail concerning the reasons that 
the prairie community was so prevalent. One of the most important factors he cites is fire. 
This leads into the next important area of concern, the human influence on vegetation. 
It has been long assumed that the GLO plat maps and notes can be used to indicate the 
most-likely vegetation communities before Euro-American settlement (Sears 1925; Ellarson 
1949; Thomas and Anderson 1990; Potzger, Potzger and McCormick 1956). There are 
several problems with this thinking however. The first is that there was often Euro-American 
settlement before the land was surveyed. The population oflowa in 1836 was 1O,53l. By the 
year 1838, the population had doubled to over 22,000 people (Dodds 1943). This includes 
only the people who were officially registered to be on the land. It is more difficult to imagine 
how many other humans might have occupied this land before the GLO maps were made. 
Another problem here is that the Native Americans had been living in North America between 
6,000 and 10,000 years (Day 1953). Native Americans may have had a greater influence on 
the environment than most realized. Several authors (Day 1953, Dorney 1981, Curtis 1959, 
Barrett 1980, Hough 1926) claim that the Native Americans and their use of fire in their 
culture were a large factor in keeping the prairie community intact. Native Americans used 
fire for many things like improving grazing, improving browse habitat for big game, enhancing 
growth of edible berry plants, and for driving large game (Barrett 1980). Another reason for 
firing the prairie included clearing of vegetation so that animals could be seen easier (White 
1994). In 1802, a botanist described the use of fire in the Ohio River valley: 
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The custom of burning the meadows was formerly practised by the natives, who came in 
this part of the country to hunt; in fact, they do it now in the other parts of North 
America, where there are savannas of an immense extent. Their aim in setting fire to it is 
to allure the stags, bison, &c. into the parts which are burnt, where they can discern them 
at a greater distance. (White 1994, p. 27) 
Day (1956) cites many other factors in addition to fire including village clearing, fuel 
wood cutting, agricultural clearing, hunting controls, and the selective use of certain medicinal 
and food plants. Studying Native American influences using GLO surveys has also been 
attempted. Dorney (1981) tried to map areas of Native American settlement on a map of 
GLO vegetation. His results conclude that the vegetation communities were influenced by 
both intentional fires and lightning fires. Clearly, more research needs to be done concerning 
the impact of Native Americans on the environment before the vegetation data from the GLO 
survey can be considered free of human influence. 
Other studies that are particularly important to this thesis project concern procedures 
related to vegetation information and how it is used. Eric Bourdo's work concerning GLO 
maps and their use in quantitative analysis offorest land is especially relevant (Bourdo 1956). 
His discussion on the use of witness tree information and its expected accuracy is very useful 
as is his general overview of the survey process. Likewise, Grant Cottam's work (1949a, 
1949b), both alone and with John Curtis (1956), give a process to follow using sample, or 
witness, tree data to reconstruct vegetation types and densities. This research allows a look at 
the distribution of the witness tree data from the field notes and compare it to the area data 
collected from the maps. This comparison gives another estimate of the accuracy of the GLO 
maps. Other important vegetation works include Dyksterhuis (1957), Veatch (1928) and 
Breining (1993). Dyksterhuis gives a good definition of savanna. He goes into great detail on 
how to recognize the savanna character, some of the major causes of savanna, and the 
different categories of savanna. This is important to the third goal of this thesis project. 
Veatch also explains how to study original forest conditions as they relate to soil types. 
During the analysis phase of this thesis project, it was essential to study the USDA soil survey 
to compare their interpretations of historic vegetation with GLO vegetation descriptions. 
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Breining's article in Nature Conservancy is interesting from the standpoint of restoration. 
Savanna is essentially a cultural ecosystem and as such requires our help to restore it 
according to Steve Packard, science and stewardship director for the Illinois chapter of the 
Nature Conservancy (Breining 1993, p. 14): 
Fire suppression is the antithesis of nature in the postglacial Midwest. Hands-off 
stewardship relegates savanna to history books--and with it, plant and animal species 
adapted to savanna, such as the swamp white oak, glade mallow, Kirtland's snake, 
Cooper's hawk and silvery blue butterfly. It's an ecosystem that ifit is to survive has to 
be restored. 
Another important source of information about the savanna comes from the Proceedings of 
the North American Conference on Barrens and Savannas. This conference focused not only 
on methods to restore savannas and barrens but also made an effort to define the terms. The 
papers given by John White (1994), "How the Terms Savanna, Barrens, and Oak Openings 
Were Used In Early Illinois," and Michael A. Homoya (1994), "Barrens as an Ecological 
Term: An Overview of Usage in The Scientific Literature," were useful in helping further 
define the term savanna. 
Geographic Information Systems 
One difference between this thesis project and past research is the use of GIS technology 
for digitizing and analyzing vegetation distribution. This technology has the dual advantage of 
making the data accessible to other researchers as well as being more flexible for many kinds 
of data analysis. The next step then was to gain a greater understanding of GIS technology, 
its history, structure and components. 
Definition 
The first obstacle to understanding GIS is its definition. Even the name is often under 
dispute as there are many alternative names for a GIS: Cadastral Information System, 
Resource Information System, Spatial Data Handling System, Environment Information 
System (Goodchild and Kemp 1990). The important component ofa GIS, though, is its 
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ability to analyze data and perform spatial operations (Tim 1993). The definition of a GIS 
from chapter one of this thesis is a starting point. 
• SYSTEM A group of connected entities and activities that interact for a common 
purpose. 
A car is a system in which all of the components operate together to provide 
transportation. 
• INFORMATION SYSTEM A set of processes, executed on raw data, to produce 
information that will be useful in decision making. 
A chain of steps leads from observation and collection of data through analysis. 
• GEOGRAPHIC INFORMATION SYSTEM A system that uses geographically 
referenced data as well as non-spatial data and includes operations which support 
spatial analysis. 
A common goal for a GIS is to help the decision-making process. 
For a GIS to be useful, it must contain elements that allow analysis of data to take place and 
must be able to display resultant information geographically. Some other definitions of GIS 
are inclusive; that is, general and broad: 
Geographic Information Systems combine people, methods, data and equipment to 
acquire, store, analyze and communicate spatial data (Anderson 1980). 
Geographic Information Systems are forms of information systems applied to geographic 
data (Goodchild and Kemp 1990). 
Other definitions of a GIS are often exclusive; that is, limited and specific: 
Geographic Information Systems are computer systems capable of holding and using data 
describing places on the Earth's surface (Dangermond 1992). 
A Geographic Information System is a system of hardware, software and procedures 
designed to support the capture, management, manipulation, analysis, modeling and 
display of spatially referenced data for solving complex planning and management 
problems (Goodchild and Kemp 1990). 
Computer-Aided Mapping Types 
There are three major types of computer-aided mapping: planimetric mapping, overlay 
mapping and thematic mapping (Anderson 1994b). Planimetric mapping is also known as 
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CAD or Computer Aided Drafting. A good CAD system must have the ability to display and 
produce maps that are precise. These are the maps most often associated with cartography 
and other engineering applications. Planimetric mapping is most often used in surveying, 
engineering and architectural applications. It is important that a GIS have a good background 
in planimetric mapping because the data used by a GIS should be as precise as the data allow 
(Anderson 1994b). This thesis project used AutoCAD, a CAD software package, for the 
initial digitizing work. AutoCAD was selected for several reasons: it is readily available on 
the Iowa State University campus, the software package is well known to the researcher, and 
the software package can be customized to suit the projects' needs. The ability to customize 
AutoCAD through the AutoLISP command interface is one of its greatest strengths. Making 
the commands for digitizing uniform and simple reduces the potential for errors during the 
data digitizing phase. Though planimetric mapping can help provide data input for a GIS, it 
does not fit many definitions of a GIS because it does not usually contain analysis capabilities. 
In contrast, overlay mapping fits many definitions of a GIS. Overlay mapping involves 
analyzing data about different topics or aspects of a study area. Data on each aspect or topic 
is often stored in the GIS database as a separate file. These are analogous to layers of 
transparent sheets of paper used in traditional manual GIS methods. The number of "layers" 
of data depends on the budget and needs of each project. By combining these many layers of 
data, patterns and interrelationships often emerge that would be difficult to see if each was 
presented separately (Anderson 1994b). One example is selecting a site for a new building. 
Some of the site selection criteria involved could be favorable soil types for building a 
structure, a particular slope aspect, favorable views, enough distance from noise corridors, 
appropriate zoning classification, and so on. By combining data layers, the owner and builder 
can make the best decision, based on the criteria, about where to place the building. Some 
examples of overlay mapping software packages include GRASS GIS, ARClInfo, MAP II, 
and EPPL 7. 
The third type of computer-aided mapping is thematic mapping. Thematic mapping 
displays maps of only a single variable at a time. One example of this would be a state map 
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that shows the population of cities in that state using different sized symbols (the larger the 
symbol, the larger the population). Thematic maps help in understanding the relationships and 
patterns between the different categories of one single variable. Thematic mapping is also 
called chloropleth mapping, shaded mapping, or unweighted mapping (Anderson 1994b). 
Examples of thematic mapping software packages are Atlas Graphics, MapInfo and 
Micromap. These and other software packages are most often used for economics and 
business applications as well as land use planning. 
GIS Applications 
One other distinction that is important in GIS is the differences between the two major 
categories of applications: resource management and facility management. Resource 
management applications were among the first for GIS, but using a GIS for facility 
management has recently become more popular (Goodchild and Kemp 1990). 
Facility management often deals with business decisions and the management of physical 
objects (Goodchild and Kemp 1990). Examples of this are sales and marketing distribution 
networks, pavement management and bus routing. These data intensive applications benefit 
greatly from attribute data (like census figures) in the database. For example, a company 
might wish to build a fast-food restaurant in a city. They may know from their marketing 
studies that people will travel only a certain distance from their homes to eat, that there is a 
certain income level they would like to target, and that there is a better chance for success if 
there are no other fast-food restaurants nearby. To map potential locations for their 
restaurant, they first map the specified travel distance from all of the other restaurants. 
Second, they query only those families within that travel distance who have an income great 
enough to support it. Third, they make their decision from the resulting data. When 
conducting pavement management, for each street or section of a street, the database could 
include the age of the pavement, the width from curb to curb, the paving material and the 
pavement condition. Managers could map streets that are most in need of repair and develop 
a capital improvement strategy from the "big picture" the map provides. 
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Geographic Information systems are also used for making decisions about site selection, 
forest management, and site suitability studies in natural resource management situations 
(Goodchild and Kemp 1990). These applications usually involve more area data than point or 
line data. An example of this is a site selection study. Along with the social factors involved 
with locating the restaurant from the example above, there may be site specific factors that 
will influence the location. The site selection criteria for the restaurant may specify an area 
that has a slope less that eight percent, a southwest facing slope aspect, and within 100 
meters of the necessary utilities. Again, by combining data layers for the study area, potential 
areas that fit the criteria can be mapped. 
GIS Data Structures 
There are two major structures used for GIS data: raster and vector (Goodchild and Kemp 
1990). In the real world, geographical variation is infinitely complex. To create a database 
that represents the real world, it is necessary to reduce the data to a finite and manageable 
quantity. This process of generalization or abstraction leads to data represented by discrete 
elements or objects (Goodchild and Kemp 1990). These elements can be in either a raster 
data structure or a vector data structure. It is important to know what types of analysis are 
needed before deciding which form to use. 
Raster data structures are comprised of rows and columns of cells in a grid pattern. These 
cells typically have only one data value per cell. One benefit of using a raster data structure is 
that many maps can be combined and the net results of the combinations can be mapped. This 
overlay process can also be done using vector data structures but there can be a significant 
increase in time due to the complicated calculations taking place. In the suitability example 
above, each of the cells that contain slopes less than eight percent can be assigned a numerical 
value of one while each of the remaining cells is assigned a value of zero. Similarly, cells with 
southwest slope aspect and cells within 100 meters of necessary utilities are also assigned a 
value of one while the remaining cells on each data layer are assigned a value of zero. When 
the software package combines all four data layers together arithmetically, a new map is 
created with a numerical score in each cell which represents the sum of the values from all 
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four data layers. In this example, there is a potential range of cell scores from four to zero. A 
score of four means that all four site selection conditions have been met and should be 
considered high suitability. Vector data structures can also do this type of map arithmetic but 
the calculations can be time consuming due to the high number of resultant polygons. 
Burrough (1986, p. 36) lists five advantages of raster data structures: 
1. Simple data structure 
2. Overlay and combination of mapped data with remotely-sensed data is easy 
3. Various kinds of spatial analysis are easy 
4. Simulation is easy because each spatial unit has the same size and shape 
5. The technology is cheap and is being energetically developed 
The overriding theme in this list is ease of use. It must be stated, though, that this term is 
relative. Burrough describes these advantages and disadvantages by comparing raster to 
vector. The calculations are often simpler and faster for a raster data structure based software 
package than for a vector data structure software package because raster data structures 
operate on a cell by cell basis. This results in simple formulas that can take relatively less time 
to perform than vector data structure software packages. Burrough (1986, p. 36) also lists 
several disadvantages to using raster data systems: 
1. Volumes of spatial data 
2. The use oflarge cells to reduce data volumes means that phenomenologically 
recognizable structures can be lost and there can be a serious loss of information 
3. Crude raster maps are considerably less beautiful than maps drawn with fine lines 
4. Network linkages are difficult to establish 
5. Projection transformations are time consuming unless special algorithms or hardware 
are used. 
Potentially large volumes of spatial data, loss of detail, and "crude" maps are often the most 
cited disadvantages. However, complex vector data structures can also be large, detail 
depends on raster cell size, and "crude" maps result from using larger cells. This does not 
mean that raster maps are less accurate than vector maps. 
Selecting the cell size is one of the most important decisions when using raster data 
structures. Each cell corresponds to a uniform area on the ground (for instance, 100 meters 
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by 100 meters). Because there is usually only one data value per cell, some of the area's 
features may not be shown. This is one method of generalization. To show more detail, it is 
necessary to have smaller cells which produces greater data volumes. 
Historically, raster data structures have been used for natural resource management (Tim 
1993). One reason for this is that data gathered for resource management typically includes 
remotely-sensed data. Because remotely-sensed data is typically collected in a raster 
structure, it is efficient to stay with the same structure in the rest of the GIS database. Many 
articles and books describe the use of the raster structure for natural resource management 
GIS (Haines-Young, Green and Cousins 1993; Ripple 1987). 
Vector data structures are comprised of polygons or area boundaries. The number of 
polygons is determined by the size of the study area, the density of objects in the landscape, 
and the amount of data detail. In an urban setting, there could be many small polygons in an 
area the size of a city block. Each road, house, sidewalk, yard, utility vault and utility pole 
could be shown as an individual polygon. A rural setting might show only a few large 
polygons for cropland, trees and pasture. 
An important advantage of vector data structures is that each polygon typically has 
attributes included in the GIS database. For instance, in this thesis project a map was created 
that shows all of the congressional townships in the state ofIowa. Each township is a 
polygon that has attributes assigned to it in the GIS database. These attributes include 
surveyor's name, date surveyed, township name, tier, range, and county name. 
Burrough (1986, p. 36) lists advantages and disadvantages of vector data structures. 
ADVANTAGES 
1. Good representation of phenomenological data structure 
2. Compact data structure 
3. Topology can be completely described with network linkages 
4. Accurate graphics 
5. Retrieval, updating and generalization of graphics and attributes are possible 
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DISADV ANTAGES 
1. Complex data structures 
2. Combination of several vector polygon maps or polygon and raster maps through 
overlay creates difficulties 
3. Simulation is difficult because each unit has a different topological form 
4. Display and plotting can be expensive 
5. The technology is expensive 
6. Spatial analysis and filtering within polygons is impossible 
Again, it is important to note that these advantages and disadvantages are relative to raster 
data structures and the quality of data sources. 
Some software packages (such as ArclInfo) combine both raster data and vector data 
structures into GIS databases. The Iowa Department of Natural Resources uses EPPL 7 to 
do some of their data analysis and ArclInfo to do much of their data display and some of their 
data analysis (Kane 1994). 
This thesis project used a vector data structure for all of the analysis. Although the 
functional differences between raster data and vector data structures are becoming fewer, 
using a vector data structure to do natural resource management is fairly new. An objective 
of this thesis research project is to identity advantages and disadvantages of vector data 
structures in doing resource analysis functions typically done with raster data structures. 
29 
CHAPTER 3. METHODS 
Introduction 
The four goals for this thesis project were to (1) describe the metadata for the 
Government Land Office maps and microfilm, (2) develop descriptions of each GLO 
vegetation type, (3) study how GLO vegetation descriptions related to savanna character and 
(4) describe potential uses of vector-based GIS data and software for vegetation resource 
management. Methods used to achieve these four goals are described in this chapter. 
Pilot Counties 
Two pilot counties were selected for this thesis project, Fayette County and Jackson 
County, Iowa (see Figure 3-1). These counties were selected to help develop methods or 
processes that could be applied to other counties. 
Fayette County (Figure 3-2) is located near the northeast comer of Iowa. It is an unusual 
size Iowa county because it contains twenty townships instead of the usual sixteen. The 
major rivers in Fayette include the Turkey River (in the northeast), Volga River (in the 
central), Little Wapsipincon River (in the southwest), and Maquoketa River (in the 
southeast). The county seat is West Union. Fayette was selected because of ongoing 
research in the Volga River State Recreation Area by the Iowa DNR. These data will help 
the DNR manage this area. 
Jackson County (Figure 3-3) is located in east-central Iowa along the Mississippi River. 
The major river, besides the Mississippi River is the Maquoketa River in the south portion of 
Jackson County. The county seat is Maquoketa. Jackson County was selected for two 
reasons. One, witness tree data compiled by UNI was available for Jackson County. Two, 
there were both similar and different vegetation types than those found in Fayette County. 
This allowed this thesis project to compare and contrast vegetation types in the two counties. 
Fayette County was used to measure all four goals, while Jackson County was used along 
with Fayette County to evaluate the savanna character goal. 
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Figure 3-2 Fayette County, Iowa 
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Metadata 
Describing metadata for the GLO maps and notes seemed, at first, to be a simple task. 
Further study, however, only led to more questions. Some of the questions at the onset of 
this project were the following: 
1. What kind of training did the GLO surveyors have? 
2. How much did they know about vegetation species? 
3. How were the maps (included with the microfilm) created? 
4. Why were some of the maps more complete than others? 
5. Why is the microfilm missing some maps from the eastern half of the state and all of 
the maps in the western half of the state? 
In addition to questions about the maps and notes, there were many more questions about 
the source of the maps and notes that would have to be answered first. Because all of the 
maps originally came from one source, all others could be considered forms of that original 
source. This thesis project used the term source to describe the different forms of maps and 
notes to minimize confusion. Three distinct sources of information were discovered after 
visits to the Office of the State Archeologist (OSA) in Iowa City and the State Historical 
Society ofIowa (SHSI) library in Des Moines. They were the following: 
1. The original field books and topographies (field books) created in the field by deputy 
surveyors. 
2. The typescripts of surveyors' notes by a Works Progress Administration (WP A) 
project in the 1930s. These were microfilmed in the 1970s, along with some of the 
original topographies. 
3. The official plat maps created by the surveyor general's office in Dubuque. Three 
copies of the plat maps were created by hand from the original topographies. 
In visits to the OSA and SHSI libraries, the first source proved difficult to locate. At one 
time the field books were stored by the Secretary of State's Office. The Secretary of State 
transferred historical records to the SHSI and it was assumed that the field books were also 
transferred there. However, staff members at the SHSI have not yet located these field 
books. 
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The second data source was more readily available. There were fourteen double length 
rolls of 16mm microfilm that included notes for the interior section lines and three double 
length rolls of 16mm microfilm that included notes for the township lines. These rolls were 
commonly referred to as the Secretary of State set (SOS). A research project at Iowa State 
University, funded by the Preserves and Ecological Services Bureau of the Iowa DNR, used 
this microfilm as the primary source to digitize vegetation data from GLO maps (Anderson 
1994a). Several key issues concerning data quality were discussed in the project report 
(Anderson 1994a, p. 18): 
1. Quality and consistency of the field observations by GLO surveyors 
2. Quality and consistency in recording field observations in the notes by GLO 
surveyors 
3. Quality and consistency in translating the notes into maps by GLO surveyors and 
drafters 
4. Quality and consistency in typing the GLO field notes by WP A typists 
5. Quality and consistency in creating the microfilm copies by the Secretary of State's 
Office 
Another important consideration when using GLO data was that the notes and maps were 
representations of a transect survey. Surveyors were concerned primarily with locating 
boundaries of sections and townships. Vegetation descriptions were used primarily to aid in 
the sale of the land. Surveyors were instmcted to record the location of vegetation changes 
along the section lines they surveyed. As a result, many of the topographies had points along 
section lines but not vegetation boundary lines connecting these points. It is assumed that 
surveyors had little knowledge of the interior of sections other than what they could see from 
the section lines. 
The ISU project also created a database for notes and maps on the Secretary of State 
microfilm. For each township, this database included the following: 
• Tier 
• Range 
• Roll 
• Volume 
35 
• County name 
• Date of the survey 
• Surveyor name 
• Whether or not a topography was present and its page number 
This attribute database was then converted into a GIS map by combining it with a state-wide 
township map from the Iowa DNR. The GIS map displayed a pattern that may explain why 
some topographies were missing from the microfilm. For each township, the survey date was 
displayed on the GIS map. Townships in the state with topographies missing from the 
microfilm were surveyed after 1850 (see Figures 3-4, 3-5 and 3-6). One possible explanation 
for the missing maps was that a previous project that studied GLO maps in counties surveyed 
after 1850 removed the topographies from the field books and did not return them. Another 
explanation was that the surveyors were not required to tum in topographies with their field 
notes after 1850. Further research into is necessary, but because oftime constraints, this 
thesis project did not address it. 
The third source of materials was the most confusing. According to Dodds (1943), the 
Surveyor General's Office made three copies of the plat maps by hand. One copy was kept 
by the Surveyor General's Office, one copy was sent to the local land offices, and one copy 
was sent to the General Land Office in Washington D.C. Unlike the topographies, these 
maps were considered the official plats because they were signed by the Surveyor General. 
Since their creation, these maps and notes have been stored, microfilmed and compiled into 
several different collections. 
The "Blue Box Series" in the Office of the State Archeologist (OSA) was a subset of one 
version set of official plat maps. The subset includes all of the territorial townships; that is, 
the townships surveyed before Iowa became a state in 1846. A National Archives 
publication at the beginning of the microfilm describes these as "local land office township 
plats" and "headquarters office township plats for the Iowa Territory" (Kelsay and Pernell 
1967). Apparently, this subset was compiled from the maps that were sent to the local land 
office and those kept at the Surveyor General's Office. 
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Other sources of plat maps and microfilm were located at the SHSI library. A three roll 
set of35mm microfilm contains official plat maps for most of the state. The box, labeled 
"WPA Copies," was microfilmed from the bound copies of the official plat maps in storage at 
the SHSI library. This bound set of maps appears to be one of three copies of official plat 
maps created by the Surveyor General's Office. It was probably the set retained by the 
surveyor general (rather than the set sent to the local land offices) because there was very 
little writing on the maps. The bound set appears to have been complete at one time. 
However, a cursory visual check of the plat book shows several maps that have been 
removed from the bound books. These were also missing from the microfilm labeled "WP A 
copies." 
The remaining set of official plat maps was apparently stored in Washington at the 
National Archives. Further research is needed to verify their location and completeness. 
Comparisons 
This thesis project assumed that the official plat maps were created from the original 
topographies included in the deputy surveyors' field books. This made the official plats a 
"second generation" copy of the originals. One method of determining similarities between 
these two sets of maps was to compare them using a GIS overlay operation. Similarities in 
area and spatial distribution was measured using Coefficient of Aerial Correspondence 
(CAC). This process was tested in Fayette County, Iowa using the topographies made from 
the Secretary of State (SOS) microfilm and official plat maps made from the WP A microfilm 
(see Figures 3-7 and 3-8). The steps required for comparison included the following: 
1. Making paper copies of the maps from the microfilm 
2. Annotating the paper copies by reading the microfilm notes 
3. Digitizing the paper copies using a graphics tablet and AutoCAD 
4. Converting the digitized maps into GIS coverages 
5. Extracting individual vegetation categories 
6. Determining the spatial intersection of the coverages 
7. Comparing the area of intersection with the original area on each source map 
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Figure 3-7 Tier 93 Range 7, Fayette County (SOS microfilm) 
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Figure 3-8 Township 93 Range 7, Fayette County (WP A microfilm) 
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Figure 3-9 Incomplete SOS map 
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The first step was to make paper copies of the township maps from the microfilm. The 
paper copies of these maps were printed on 8.5 by 11 paper by the Iowa State University 
Microforms Department. Because the vegetation information was incomplete on the maps, 
the paper copies of the maps were annotated by reading the notes from each section on 
microfilm. On the maps, many of the polygons (vegetation boundaries) were not complete 
(see Figure 3-9). Some of the maps had no vegetation polygons delineated but did show 
where the vegetation boundaries crossed section lines. In cases such as these, incomplete 
boundaries were completed using straight-line interpolation; that is, by drawing a straight line 
between known points along the edge of the map or to the nearest section line where the 
survey notes indicated that it crossed. No attempt was made to combine, aggregate or 
rename vegetation types. Sometimes the survey notes described a single vegetation polygon 
as scattering trees, timber and openings all within the same polygon. In this case, a new 
composite category was created called timber/scattering/openings. 
The next step was to digitize the paper copies of the maps. This project used a variety of 
hardware and software during this process. They were discussed in detail in the vector 
comparison section of this chapter. The following were used: 
• A Zenith 486 DX 33 computer with 20 Mb of RAM 
• A SumrnaGraphics SummaSketch III 12x12 digitizing tablet 
• AutoCAD Release 12 for DOS 
• ArcCAD version 11.2 and 11.3 for DOS 
The preliminary steps in this process included the following: 
1. A digital file, in Arcllnfo format, containing a statewide map of current township 
boundaries for the State ofIowa was obtained from the Iowa DNR. This was used to 
insure that all of the county coverages would match the other digital information used 
by the DNR. 
2. ArcCAD was used to extract a map of Fayette County and its twenty townships from 
the statewide map 
3. An AutoCAD drawing file was created by ArcCAD with the township boundaries in 
Fayette County 
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4. Each GLO township map was taped to the digitizing tablet then "rubber sheeted" 
(calibrated) to the corresponding township in the AutoCAD drawing (see Figure 3-10) 
5. The vegetation polygons on each township map were digitized using a set of 
AutoLISP commands to ensure acceptable productivity and consistency (see 
Appendix A) 
6. Because the twenty township maps were tiled (placed in order, side by side), 
vegetation boundaries along the edges of the townships were checked to make sure 
that vegetation boundaries connected properly. Ifthey did not, a straight line 
following the township line was drawn to complete ( close) each vegetation polygon 
(see Figure 3-11). 
The fourth step was to convert the AutoCAD drawings into ArcCAD coverages. This 
was done using an AutoLISP program written specifically for this purpose (see Appendix B). 
This process converts the AutoCAD drawing into ArcCAD format, builds topology, then 
attaches attributes from the AutoCAD drawing to the Arc CAD attribute database. This 
process was completed twice, once for the SOS maps and once for the WP A maps from 
copies of the microfilm (see Figures 3-12 and 3-13). 
The next step was to extract the individual vegetation categories from the ArcCAD 
coverage. This process consisted of a series of queries using the ArcCAD database manager 
to select all polygons of each specific vegetation type. An example query was 
ACAD _LA YER = 'PTIM'. This query selected all of the polygons in the database having 
the label point PTIM (Timber). Then the EXTRACT command was used in Arc CAD to 
create a new coverage of each vegetation type. In Fayette County, there were nine vegetation 
types that were found on both the SOS maps and WPA maps. One vegetation type (Slough) 
was found only on the SOS maps. 
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Figure 3-10 The "rubber-sheeting" process 
46 
Line constructed to 
complete vegetation 
polygon 
vegetation polygon 
~- township line 
Figure 3-11 Diagram showing the completion of vegetation boundaries along section lines 
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Figure 3-12 SOS map coverage for Fayette County 
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Figure 3-13 WP A map coverage for Fayette County 
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1. Barrens 
2. Field 
3. Grove 
4. Marsh 
5. Pond 
6. Prairie 
7. Rough 
8. Thicket 
9. Timber 
10. Slough (only in SOS maps) 
Next, the Timber coverage from the SOS map was compared to the Timber coverage 
from the WP A map using the INTERSECT command. This command compared the two 
coverages in overlay fashion and created a new coverage that included the Timber areas 
common to both sets of maps (see Figure 3-14). The INTERSECT command was used with 
SOS and WP A coverages for the other nine vegetation types. 
The final step was to compare the original area with the area of intersection. This 
comparison resulted in two CAC measures: 
C'AC _ Area of Intersection for Timber sos - Area of Timbersos 
CAC
wpA 
= Area ofIntersection for Timber 
Area of TimberwpA 
These two ratios represent a range of areal correspondence for the intersected coverage. 
Another comparison was to compare the 1875 Andreas Atlas map to the SOS map (see 
Figure 3-15). The Andreas Atlas was a collection ofIowa county maps published in 1875. 
The Atlas project was intended to be a money making venture. Subscriptions were sold to 
early Iowa settlers by a team of 300 workers (Andreas 1875). Information for each county in 
the Atlas included biographic sketches of influential residents, engravings of landmarks and 
residents and an atlas map showing cities and tree cover. There was very little metadata 
included in the Andreas Atlas. Nothing was found, in literature searches or the atlas itself, 
that describes the procedure for creating these maps. One hypothesis of the thesis project 
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Figure 3-14 Intersection of SOS and WP A Prairie 
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Figure 3-15 Fayette County from the 1875 Andreas Atlas 
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was that the Andreas Atlas maps were created from the WP A maps. Comparison of the two 
sources were made in this thesis project to test this hypothesis. 
The 1875 Andreas Atlas was digitized using a similar procedure to the SOS digitizing. 
An important difference was that the Fayette County atlas map was already tiled into a 
county-wide map. In order to ensure that the digitized map would register with other Fayette 
coverages, a county boundary map was created by ArcCAD from the state-wide digital 
township file. This coverage was then used as a base map for digitizing the Andreas Atlas 
map. The Andreas Atlas map was taped to the digitizing tablet, then "rubber-sheeted" 
(calibrated) to the four comers of the county. 
After the map was digitized, it was converted to an ArcCAD coverage using the process 
described for the SOS maps. This coverage was then compared with the WP A maps to 
determine similarities between the two. 
Vegetation Descriptions 
Creating vegetation descriptions for the GLO vegetation data was one of the major goals 
of this thesis project. To make GLO vegetation data more useful to future researchers, a 
detailed description of each vegetation type was needed. Fayette County was again used as a 
study area to develop procedures and methods for describing each vegetation type in as much 
detail as possible. 
The first step in this process was to determine the major factors influencing vegetation in 
Fayette County. Gary Hightshoe, an Iowa State University professor of Landscape 
Architecture, was asked to describe factors influencing distribution of the ten GLO 
vegetation types in Fayette County (see Appendix C). These descriptions were then analyzed 
using content analysis techniques to determine the most important vegetation distribution 
factors. From this list, it was possible to determine which factors should be used in the GIS 
as well as which of the top factors could be mapped with the time available and data 
available. Eight factors were found that could potentially influence vegetation distribution 
and that were available to this thesis project. They included the following: 
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1. Landscape position from soils 
2. Native vegetation from soils 
3. Slope aspect 
4. Slope steepness 
5. Witness tree composition 
6. Witness tree density 
7. Witness tree diameters 
8. Vegetation type size classes 
&ills 
The process for comparison of the SOS maps and the county-wide soil association map 
was similar to the process used for the SOS and WP A maps. The soil association map for 
Fayette County was obtained from the 1977 soil survey (SCS 1978). To assure proper 
registration with GLO maps and other digitized maps, the soil association map was digitized 
using the township boundary file from the DNR as a base sheet. This process was described 
for the 1875 Andreas Atlas maps in the previous section. The next step was to convert the 
AutoCAD drawing file data to ArcCAD format (see page 43). Next, the soil association 
coverage was combined with each vegetation type using the CLIP command. This produced 
a coverage with the vegetation type boundaries and the soil associations contained within 
those boundaries. Using descriptions in the Fayette County Soil Survey report, soil 
associations were classified into the following landscape position and native vegetation 
categories: 
LANDSCAPE POSITION NA TIVE VEGETATION 
• Upland • Prairie 
• Transition • Mixed trees and prairie 
• Bottomland • Trees 
Slope Aspect and Steepness 
Slope aspect and slope steepness data were prepared using a number of steps and several 
software packages. The first step was to obtain a Fayette County digital elevation file from 
the DNR at a scale of 1: 1 00,000. The next step was to convert the ArcCAD format into an 
AutoCAD format. One important need was to instruct the ArcCAD software package to plot 
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the elevation lines in the AutoCAD drawing at the elevation indicated in the ArcCAD 
coverage's database. Next, the AutoCAD drawing file was processed by LANDCADD. This 
program contains a module called Quadrangle which analyzed contour lines and converted 
them into a Digital Elevation Model (DEM). The module did this in two steps. First, 
Quadrangle processed the contour lines and converted them into a series of points (spot 
elevations) that contained X, Y, and Z coordinates. Then, it processed those points to create 
a DEM with a specified cell size. To create a new file with an amount of detail appropriate to 
the original data sources and the size of the study area, a cell size of250 meters by 250 
meters was specified (see Figure 3-16). The next step was to use LANDCADD's Analysis 
module to determine slope aspect and slope steepness. This process analyzed each cell in the 
DEM and created new layers in the AutoCAD drawing that used the following classification 
categories: 
SLOPE ASPECT SLOPE STEEPNESS 
• Flat • 0 to 2 percent 
• North • 2 to 5 percent 
• Northwest • 5 to 14 percent 
• West • 14 to 25 percent 
• Southwest • 25 percent and greater 
• South 
• Southeast 
• East 
• Northeast 
A new AutoLISP program was written specifically for the new AutoCAD drawing to 
place label points inside the cells of the DEM on the slope aspect layer and the slope 
steepness layer (see Appendix D). This was necessary to successfully convert the AutoCAD 
drawing file to ArcCAD format, because polygons were assigned attribute data by the layer 
the label points were on. After the AutoLISP program inserted label points in the AutoCAD 
drawing, it was converted to an ArcCAD coverage. The DIS SOL VE command was then 
used to erase boundaries of adjacent similar cells. This created a new coverage with polygon 
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Figure 3-17 Slope aspect coverage for the northwest comer of Fayette County 
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Figure 3-18 Slope steepness coverage for the northwest comer of Fayette County 
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boundaries in a stair-step pattern (see Figures 3-17 and 3-18). Finally, the boundaries of 
vegetation types were CLIPped from the slope aspect coverage and the slope steepness 
coverage. 
Witness Trees 
Three data variables were derived from the witness tree data: composition, density, and 
diameter. The process to transform the witness tree data to a GIS coverage utilized six steps 
including one assumption. 
1. Obtain witness tree data from DNR 
2. Convert the Lotus 1-2-3 data into Microsoft Excel format and add additional fields 
3. Convert the data into a format that AutoCAD could process 
4. Assume the current township boundaries were similar to those at the time of the 
survey 
5. Process the AutoCAD drawing using a series of AutoLISP programs 
6. Convert the AutoCAD drawing into an ArcCAD point coverage 
The first step was to obtain files from DNR for a project done in 1988 by Professor Daryl 
Smith at the University of Northern Iowa (Smith 1988). One purpose of his project was to 
convert the survey notes into a database format. The original database included the 
following: 
• Township 
• Range 
• Orientation (cardinal direction of the survey along the section line) 
• Section 1 (the section number on the north or east side of the line) 
• Section 2 (the section number on the south or west side of the line) 
• Chains (the distance along the line that the feature occurred) 
• Code (a series of numbers that identifies the type offeature) 
• ID 1 (identification of first witness tree) 
• Diameter (witness tree) 
• Bearing and direction (three fields that indicated cardinal direction and a bearing 
angle between 0 and 90 degrees) 
• Links (distance from witness tree to survey point) 
• ID2, diameter, angle and links for the other witness tree if present 
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These data were stored in a Lotus 1-2-3 spreadsheet format on five and one-quarter inch 
floppy diskettes. There was a separate database file for data on the township lines which, in 
addition to the above fields, includes fields for the township or range numbers on both sides 
of the survey line (see Appendix E). 
The next step was to convert the data into Microsoft Excel format to create additional 
data fields. Excel 4.0 was used for this step. Witness tree data for the section lines in Fayette 
County were combined into one file, then sorted by the field ID 1. Then a subset of data 
records was created that included only those records that contained witness tree data. All 
other records were deleted. The next step was to add four fields to the database. The first 
field, ID#, was a sequential record number starting with 1. The other three fields were 
conversions of chains and links to meters. The formula to convert chains to meters was 
(chain x 66) x 0.3048. The formula to convert links to meters was ~ink x 7.97t2)x 0.3048. 
When these fields had been added and the values computed, the database was saved in a 
Comma Separated Value (CSV) format. This format converted the database into a flat ASCII 
text file that could be read during the next stage of the process. 
The next step was to convert the CSV file into a new record format that AutoCAD could 
read. This was done by developing a QuickBasic program (see Appendix F). This program 
reads the CSV file then formats it so that the AutoLISP program could read the information. 
The Basic program first divides the records in the CSV file into records with one witness tree 
per line. It also re-numbers each line (see Appendix G). Then it creates one file for each 
township with the following data fields in each record: 
1. Section 1 (this depends on the orientation field; if orientation 1 or 2 then the north or 
east section number was first, if orientation 3 or 4 then the south or west section 
number was first) 
2. Section 2 (assigned using the same criteria as above) 
3. Distance along section line from section corner (in meters) 
4. North-South cardinal direction number (lor 3) 
5. Bearing angle to witness tree (between 0 and 90 degrees) 
6. East-West cardinal direction number (2 or 4) 
7. Distance from survey point to witness tree 
8. ID# (unique record number) 
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The fourth step was to add these witness tree data to an AutoCAD drawing. A digital 
ArclInfo line coverage for Fayette County was obtained from the DNR. This coverage 
contained section lines digitized from USGS 7.5 minute topographic quadrangle maps. Each 
township was then EXTRACTed to its own coverage. The RENODE command was then run 
on each township coverage. This command finds all of the nodes (intersections) in a polygon 
or line coverage and converts them into a point coverage (see Figure 3-19). A new AutoLISP 
program was then developed that displayed the points in an AutoCAD drawing and 
numbered them sequentially (see Appendix H). Figure 3-20 shows a township drawing with 
the sequential numbers added. Finally, another new AutoLISP program was developed 
which processed each township CSV file and plotted the points in the AutoCAD drawing 
(see Appendix I). 
The final step was to convert the drawing into an ArcCAD coverage. The CSV file 
created by the Basic program for the entire county was then converted into a DBase 4 format 
using Excel 4.0. This was necessary because ArcCAD could read DBase files but not Excel 
files. The JOINITEM command was then used to join the ArcCAD database with the DBase 
4 database using the ID# field. A linear relationship (the two databases have an identical 
field that was used to make a one to one relationship between them) was used to join the two 
databases. 
From this coverage, it was possible to again CLIP the witness tree coverage with the 
vegetation type boundaries to show in which vegetation types the witness trees were found, 
the relative density of the witness trees and the average diameter of the witness trees. A key 
to the process was ArcCAD's way of handling "donuts" or interior polygons. For example, if 
a Timber polygon contained a smaller Prairie polygon, ArcCAD would not exclude the 
interior Prairie polygon. All of the interior area of the Timber polygon was used as the clip 
theme. One method to deal with this was to usethe ERASECOV command after the witness 
trees data points have been CLIPped out. A better method was to use the IDENTITY 
command to merge the point coverage and area coverage. This allows computation of 
statistics on witness tree point attributes by vegetation type. 
61 
r. TOWNSHIP BORDER 
. , . 
................ ... + ................ + ............. , ... ,+ ... , .............. + ................. + .............. , ..  
.... ,',.+ ................ + ................ + .................. + ............ , ..... + ................. . 
: . . 
: j ~ i ; 
+ ................. + ................. + ................... + .................. + ................ .. 
+ ............. + ............ + ........... + ....... + ................ . 
............. + .......... , ...... + .................. + .................. + ................ + ............... . 
+ NODES 
Figure 3-19 Results of the renode procedure 
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Figure 3-20 Diagram showing the numbering procedure 
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Vegetation Area Classes 
The final measure was to compare each vegetation type with the others by comparing the 
mean area of each vegetation type. This was done by running the STATISTICS command on 
each vegetation type using area as the summary item. These statistics were then compiled for 
comparison using Microsoft Excel. 
Savanna Character 
The past character of savanna has been studied often (White 1994, Homoya 1994). In 
these studies, the term savanna has been defined differently. According to White (1994, p. 
25), " ... the term savanna (or savannah) generally is applied to natural communities or types 
of natural vegetation that have substantial components of both grasses and trees." The term 
was also believed to be used as a synonym for prairie: 
There are likewise considerable openings in the western regions especially between the 
Wabash and the Mississippi ... where the nature of the soil, or, more frequently, the 
annual or ancient conflagrations of the Indians, have opened vast deserts, called 
savannahs by the Spaniards, and prairies by the Canadians (White 1994, p. 27). 
This country possesses large and extensive savannas or prairies, so called, resembling 
large flat plains (White 1994, p. 27). 
From White's historical descriptions, the term savanna was often used to describe an 
unnatural vegetation type: 
These places, it is supposed, were once covered with sturdy timber, but owing to their 
continual burning over by the aborigines, in order the better to take their game, makes 
them appear what they do now (White 1994, p. 27). 
Fire I consider by far the most powerful and the principal agency that gave prairies and 
savannahs their existence, extending them in the course of time and still busy extending 
them (White 1994, p. 28). 
Today the term savanna is often considered to be a natural community that is transitional 
between open grassland and closed forest (White 1994). This contradicts earlier statements 
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that savanna and prairie were synonymous. According to Homoya (1994), using the term 
savanna to describe barrens has become common in recent years. He attributes this to the 
connotation that the term barrens was too vague, or lacks aesthetic appeal, and implies ill 
health. 
An objective of this thesis project was to determine whether GLO surveyors used the 
terms barrens, openings, scattering trees and others synonymously. Were they used 
synonymously with the term savanna? To help answer this question, this thesis project tried 
to define each vegetation type by comparing different vegetation types to each other. These 
comparisons do not give a comprehensive definition of savanna, but they do help define the 
vegetation types in the context of the GLO surveys. 
Comparisons 
The specific comparisons for vegetation types that contained witness trees were based on 
the following measures: 
1. Witness tree composition 
2. Witness tree mean distance 
3. Witness tree mean diameter 
4. Witness tree density per square kilometer 
These four comparisons helped make distinctions between the vegetation types that contained 
witness trees. Witness tree composition was found using the FREQUENCY command in 
ArcCAD. This command was used on the witness tree coverage using the IDI and 
ACAD _LAYER fields from the database. Frequency statistics for each vegetation type that 
contained witness trees recorded species type and number of occurrences. Witness tree mean 
distance and mean diameter were calculated using the STATISTICS command. This 
command, when used on the item distance (from post or line) or diameter using 
ACAD _LAYER as the summary item, yielded a table that showed the following: 
• Count 
• Minimum 
• Maximum 
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• Sum 
• Mean 
• Standard Deviation 
Witness tree density per square mile was calculated by dividing the total number of witness 
trees in that vegetation type by the total area of the vegetation type (in square miles). Square 
miles was used in the density measure due to the fact that the original surveys were based on 
sections which were typically one square mile. Using square miles in the density measure 
gives researchers a better idea of the original character of witness tree density. 
Vector Based GIS Data Structures 
Use of vector-based GIS software for this thesis project was the result of a trend toward 
vector data structures for natural resource management applications. There were advantages 
and disadvantages in using vector data structures. 
Three vector-based software packages used in this thesis project included the following: 
1. AutoCAD Release 12 for DOS 
2. ArcCAD Version 11.2 and 11.3 
3. LANDCADD Version 12 
AutoCAD was the graphics engine for the other two software packages. Both were 
considered "add-ons" or "third-party" software packages because they could not have been 
run separately from AutoCAD; they depend on AutoCAD's drawing functions. AutoCAD's 
greatest advantage was in customization. All of the specialized commands and procedures 
written for this thesis project used AutoLISP, the built-in programming language for 
AutoCAD. Using this language, it was possible to automate tedious tasks, to minimize 
errors, and to read external data files to plot witness tree locations. 
ArcCAD versions 11.2 and 11.3 is a new software package developed cooperatively by 
Autodesk and Environmental Systems Research Institute (ESRI). ESRI is best known for 
Arc/Info, one of the leading vector-based GIS software packages. One of the criticisms of 
Arcllnfo, besides its price, was that it was too difficult to learn and to remember all of the 
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more than 1,000 commands. By introducing ArcCAD, ESRl essentially addressed both 
criticisms. The menu interface in AutoCAD allows users to more easily find ArcCAD 
commands in a logical order and the price was in reach of many more professional offices. 
LANDCADD is best known for its menus, AutoLISP routines, and symbol libraries. 
This thesis project used the Quadrangle and Site Analysis modules. These two sub-sets of 
commands made it possible to create a DEM and compute slope aspect and slope steepness. 
This was a feature not found in ArcCAD. 
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CHAPTER4. RESULTS 
Metadata 
Several characteristics were key to understanding the nature and quality of the OLO maps 
and notes: 
1. Source of the map materials (WP A, SOS) 
2. Survey date and deputy surveyor for each township 
3. Scale and scope of the original maps (SOS) 
Knowing the source and characteristics of the maps and notes is essential to future research. 
One objective of this thesis project was to determine the differences between the Secretary of 
State (SOS) maps and Works Progress Administration (WPA) maps. To aid in structuring 
this research, the following hypothesis was tested: 
The WP A maps were created from the SOS maps 
Descriptive statistics from the two map sources (SOS and WP A) were compared for ten 
different vegetation types in Fayette County (Table 4-1). The table also included statistics 
for the two map sources created by the Arc CAD INTERSECT command. Nine vegetation 
types were found in both sets of maps. One vegetation type, slough, was found only in the 
SOS maps. There were two primary comparisons made using these statistics: 
1. Descriptive statistics for each type and source 
• count (polygon frequency) 
• minimum (polygon area) 
• maximum (polygon area) 
• sum (of polygon areas) 
• mean (of polygon areas) 
• standard deviation (of polygon areas) 
2. Coefficient of Aerial Correspondence (CAC) 
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The descriptive statistics for count and sum were used primarily as data in later statistical 
tests. However, statistics for count and sum reveal some of the subtle differences between 
the sources. The greatest difference in the number of polygons was found in the Prairie 
vegetation type. The SOS maps had fourteen polygons and the WP A maps had nineteen 
polygons, a difference of five polygons. One similarity was in the Marsh vegetation type: 
SOS Marsh had 38 polygons while WP A Marsh had 39 polygons. The remaining vegetation 
types had a difference between zero and two polygons per vegetation type. The SUM 
statistic showed another difference between the maps. The greatest difference in total area 
between the SOS maps and the WP A maps was in the Pond type. It showed a 63 percent 
difference in total size from the SOS map to the WP A map. The two vegetation types that 
showed the smallest total difference were Timber and Prairie, 0.04 percent and a 0.24 percent 
difference respectively. These two vegetation types comprised over 99 percent of the total 
area of Fayette County. 
Another statistic measured was MEAN and STANDARD DEVIATION (STD). The 
difference in mean area for each vegetation type in each map source was measured using a t 
test. The following formula was used (Ebdon 1985, p. 62): 
t 
(Lx2Inx)-x2 (Lllny)-y2 
---'-----::..-- + ---'-"-----"---
nx -1 ny-I 
Results of each comparison are in Table 4-1. None of the t test values was found to be above 
the critical value for the specified degrees of freedom. T test values for two vegetation types, 
I 
Rough and Thicket, could not be computed because the denominator in their equations was 
zero. The t test value for one other type, Slough, could not be computed because slough was 
found in only one of the map sources. 
Data for the other measure, Coefficient of Aerial Correspondence (CAC), was computed 
by combining SOS maps and WP A maps in ArcCAD using the INTERSECT command. 
CAC was a comparison of the original areas with the intersected area. This comparison of 
each vegetation type's total area to the intersected area resulted in two numbers because there 
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were two data sources. Thus, the two CAC numbers produced a range. The highest CAC 
values were in Prairie (98 and 98 percent) and Timber (94 and 94 percent). The lowest CAC 
values were for Rough (17 and 19 percent) (see Table 4-1). 
The measures listed above, CAC and the t test, helped support the hypothesis that the 
WP A maps were created from the SOS maps. The small differences in mean areas from the 
two map sources, at a significance level of 0.05 for the vegetation types tested, could be 
attributed to chance. Also, the high CAC values for the two largest vegetation types 
indicated a great similarity in area and spatial distribution. 
Another metadata concern was the reliability of the SOS maps. Can vegetation 
boundaries drawn by interpolating a transect survey be used as a reasonable estimate of 
historic vegetation? This question was difficult to answer because there were very few 
contemporaneous maps to compare with the SOS maps. However, one comparison that was 
made in this thesis project was between the SOS maps and a later map from the 1875 
Andreas Atlas. As stated in Chapter 3, it was unknown how the vegetation boundaries were 
delineated on the Andreas map. One possible explanation was that the Andreas Atlas used 
copies of the township plat maps (WP A) to serve as a base sheet. This base sheet was then 
modified in the field to show the current (1875) vegetation boundaries. The Andreas Atlas 
map for Fayette County showed three vegetation types: prairie, timber, and cultural features 
(towns). For comparison purposes, the vegetation types on the SOS maps and WPA maps 
had to be aggregated into three similar categories. These three maps were then compared 
using the statistical measures in Table 4-2. 
Because it was possible that the WP A maps were used to create the Andreas Atlas maps, 
the following hypothesis was tested: 
The map of Fayette County in the Andreas Atlas of 1875 was created from copies ofthe 
WP A township plat maps. 
To test this hypothesis, a t test was once again used to compare differences in the means from 
the two data sources for each vegetation type: Prairie, Timber, and Cultural features. The 
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previous formula was used to compute the t value for each pair of means. Again, a 
significance level of 0.05 was used to determine the critical value in a two-tailed test. The t 
values for Prairie and Timber fell below the critical value for their respective degrees of 
freedom. However, the t value for Cultural features was above the critical value. 
Another measure used to compare the Andreas map with the SOS maps and WP A maps 
was CAC. For each vegetation type, each map was compared to the other two maps. This 
three-way comparison produced a range of CAC values (Table 4-3). The CAC values for 
Timber were high, 93.6 and 93.5 percent, for the SOS-WP A comparison. The comparison 
between SOS-Andreas and WP A-Andreas had similar values, 63.6 and 83.1 percent and 63.8 
and 83.5 percent respectively. The CAC values for all three maps when describing the 
Prairie type were also high; the lowest was 85.9 and 94.1 percent in the SOS-Andreas 
comparison. In contrast, none of the cultural areas from the SOS maps and WP A maps 
overlapped the cultural areas in the Andreas maps. This produced a CAC value of zero. 
Based on these measures, the SOS, WP A, and Andreas Atlas maps were similar in 
several vegetation categories, particularly Timber and Prairie. In comparing the WP A maps 
and Andreas Atlas maps, there was no significant difference between the two maps that could 
not be explained by chance. This helped support the hypothesis that the Andreas Atlas maps 
were created from copies of the WP A maps and thus were indirectly related to the SOS maps. 
The one significant difference was in cultural features. This was attributed to two factors. 
One, the population ofIowa in 1875 was greater than the population during the period 
Fayette County was surveyed, 1837 to 1849. Two, fields (the SOS and WPA vegetation 
types classified as Cultural) on the SOS and WP A maps were not shown on the Andreas 
Atlas map. Any towns (features mapped as Cultural on Andreas maps) in Fayette County 
during the survey period may not have been large enough polygons to be mapped. Because 
the vegetation types differ, it made comparing them difficult. 
The differences in deputy surveyor and survey date were also important. The surveys 
were conducted as land became available to the Federal Government of the United States in 
the form of purchases and cession treaties (see Figure 4-1). As a result, townships in Fayette 
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Figure 4-2 Fayette County surveyor name and date surveyed 
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Table 4-3 Three-way comparison ofCAC values for SOS, WPA and Andreas Atlas 
AGGREGATED AREA INTERSECTION AREA CAC 
COVERAGE (KM SQ) COVERAGE (KM SQ) % 
SOSTIMBER 569 SOS--WPA TIMBER 533 93.6 
WPATIMBER 570 93.5 
SOSTIMBER 569 SOS--ANDREAS TIMBER 362 63.6 
ANDREAS TIMBER 436 83.1 
WPATIMBER 570 WPA--ANDREAS TIMBER 364 63.8 
ANDREAS TIMBER 436 83.5 
SOS PRAIRIE 1322 SOS--WPA PRAIRIE 1285 97.2 
WPAPRAIRIE 1322 97.2 
SOS PRAIRIE 1322 SOS--ANDREAS PRAIRIE 1244 94.1 
ANDREAS PRAIRIE 1448 85.9 
WPAPRAIRIE 1322 WPA--ANDREAS PRAIRIE 1245 94.2 
ANDREAS PRAIRIE 1448 86.0 
SOS CULTURAL 1 SOS--WPA CUL rURAL 0 29.3 
WPA CULTURAL 1 54.9 
SOS CUL rURAL 1 SOS--ANDREAS CUL rURAL 0 00.0 
ANDREAS CUL rURAL 9 00.0 
WPA CUL rURAL 1 WPA-ANDREAS CUL rURAL 0 00.0 
ANDREAS CULTURAL 9 00.0 
County were surveyed over a twelve year period with intervals of up to five years. Fayette 
County was surveyed by seven deputy surveyors (see Figure 4-2). Four townships near the 
southeast comer of the county were surveyed first in 1837 (Tier 91 Range 7 and 8, Tier 92 
Range 7 and 8). The next two townships (Tier 91 Range 9 and Tier 91 Range 10) surveyed 
were in the southwest part of the county (1841 and 1846). The remaining townships were 
surveyed in 1848 and 1849. The townships surveyed in 1837 showed more marshes (27) 
than the rest of the county (11). One explanation could be that 1837 was a wet year and the 
surveyor was mapping depressions filled with runoff (this will need be researched). Other 
explanations were that this part of the county had more wet areas than the rest of the county 
and that the deputy surveyor (1. Videto) was more sensitive to mapping the boundaries of 
these wet areas. The important point, though, was that it was necessary to examine the 
survey dates and names of deputy surveyors in a county or a region to better understand the 
types and distribution of vegetation. 
76 
Another characteristic of these maps was their scale and scope. The low land prices at the 
time of the GLO survey and the size of the task made accuracy in the surveys less important 
than it would be today. The surveyors were paid to establish section comers, not to be plant 
scientists. Also, it was important to remember that this was a transect survey with transect 
lines one mile apart. This suggests that it would be inappropriate to use these GLO data in 
study areas smaller than a county. These data are best used to study vegetation patterns at a 
regional level. 
Vegetation Descriptions 
Each vegetation type on the SOS maps were compared to eight mapped variables: 
1. Landscape Position from soils 
2. Native vegetation from soils 
3. Slope aspect 
4. Slope Steepness 
5. Witness tree composition 
6. Witness tree distance 
7. Witness tree diameter 
8. Vegetation type size classes 
Descriptive statistics for landscape position, native vegetation, slope aspect and slope 
steepness in Fayette County are shown in Table 4-4. Data for native vegetation show that 57 
percent of the soils in the county were formed under prairie and 19 percent were formed 
under trees. In contrast, Prairie on the SOS maps comprised 69 percent of the county and 
Timber covered 29 percent of the county. Upland soils covered 60 percent of the county. 
Thirty percent of the county had a flat slope aspect and 65 percent of the county had a slope 
of zero to two percent. 
Landscape position was mapped from a county-wide soil association map (SCS 1978). 
This map contains general soil patterns in the county (see Figure 4-3). Based on soil 
association characteristics described in the county soil survey report, the predominant 
landscape position of each soil association was determined (see Table 4-5). Three landscape 
position categories were derived from the soil association map: 
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1 KENYON-CLYDE-FLOYD 
2 READlYN-ORAN-TRIPOLI 
O_·_'!'!,ooo;;::::JI_-=M:::J:".~~ER;::S==-_~,oooo. ~ 3 LOAMY-SAUDE-FLAGLER 4 FAYEnE-NORDNESS-ROCK 5 DOWNS-FAYEnE 
6 DORCHESTER-SAUDE-WAPSIE 
7 8ASSEn-SCHlEY-WAPSIE 
Figure 4-3 Soil Association map for Fayette County 
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1. Bottomland 
2. Transition 
3. Upland 
The transition category included soil associations found on side slopes and valley walls. 
Figure 4-4 shows landscape position derived from the soil association data. This map was 
combined with the individual vegetation types in ArcCAD using the CLIP command. 
Results are shown in Table 4-6. Seventy-four percent of the SOS Prairie was in the upland 
category. Seventy-four percent of the SOS Timber was in the transitional category. Only 
the SOS Pond vegetation type was predominately (79%) in the bottomland category. Field 
vegetation type was evenly distributed between the three landscape position categories. 
Another comparison shown in Table 4-6 was the mean size of each vegetation type in each 
landscape position. In most cases, the landscape position that contained the largest 
percentage of the vegetation type had the largest mean area. One exception was Timber. This 
type had a larger mean area in the bottomland position category even though bottomland 
accounted for only 14 percent of the total area of Timber. This indicated that Timber in 
bottomland would have typically been larger, continuous stands of trees. 
Native vegetation from soils (Figure 4-5) was mapped from the soil association map 
using methods similar to landscape position. Dominant native vegetation for each soil 
association was based on descriptions in the soil survey report (see Table 4-5). The three 
native vegetation categories included the following: 
Table 4-5 Soil Association descriptions for Fayette County 
SOIL 
ASSOCIATION 
KENYON-CL YDE-FLOYD 
READL YN-ORAN-TRIPOLI 
LOAMY ALLUVIAL LAND-SAUDE-FLAGLER 
FAYETTE-NORDNESS-ROCK 
DOWNS-FAYETTE 
DORCHESTER-SAUDE-WAPSIE 
BASSETT-SCHLEY-WAPSIE 
PERCENT LANDSCAPE NATIVE 
COUNTY POSITION VEGETATION 
49% UPLAND PRAIRIE 
1% UPLAND MIXED 
9% TRANSITION PRAIRIE 
18% TRANSITION TREES 
12% TRANSITION MIXED 
5% BOTTOMLAND MIXED 
6% UPLAND MIXED 
o~-
~ I 
METERS 
-
80 
II@iT 
.rg 
.1 
LANDSCAPE POSITION FROfJ SOILS 
a UPlAND 
IJ) TRANSITION 
fSJ BOTTOMlAND 
Figure 4-4 Landscape position from soils in Fayette County 
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NATIVE VEGETATION FROM SOILS 
§ PRAIRIE 
m IJIXED PRARIE AND TREES 
£S1 TREES 
Figure 4-5 Native vegetation from soils in Fayette County 
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1. Prairie 
2. Mixed prairie and trees 
3. Trees 
The vegetation types from the SOS maps were again combined with the native vegetation 
map to determine the composition of each SOS vegetation type. The results are shown in 
Table 4-7. In general, the native vegetation from soils and the SOS vegetation types agreed. 
SOS Timber was predominately in trees and in mixed prairie and trees (85%), while SOS 
Prairie was predominately in prairie and mixed prairie and trees (94%). Exceptions to this 
included SOS Barrens (which was exclusively in prairie) and SOS Grove (which was mostly 
in prairie and in mixed prairie and trees). The mean area statistic for native vegetation from 
soils was not as important in this comparison as it was in the previous one because, in all 
cases, the largest percentage of native vegetation for each type also had the largest mean area. 
Slope aspect (see Figure 3-17) was determined by using the digital hypsography file from 
the USGS at a scale of 1: 100,000. As described in Chapter Three, slope aspect and slope 
steepness were derived from this data source. Each SOS vegetation type was combined with 
the slope aspect map to determine the slope aspect composition of each type (see Table 4-8). 
There were nine categories of slope aspect: 
1. Flat 
2. North 
3. Northeast 
4. East 
5. Southeast 
6. South 
7. Southwest 
8. West 
9. Northwest 
Prairie and Barrens were predominately on flat aspects (35 percent and 63 percent) while 
Timber contained a wide variety of aspect categories. This supports the previous comparison 
between landscape position and SOS vegetation. Prairie and Barrens were predominately in 
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Table 4-7 Native vegetation (from soils) for each vegetation type in Fayette County 
NATIVE COUNT MIN MAX SUM %OF MEAN STD 
VEGETATION (SQM) (SQM) (SQ M) TOTAL AREA (SQ M) (SQ M) 
~ PRAIRIE 5 42,430.70 1,874,460.00 3.455.259.30 100.00% 691.051.86 772.163.98 
w MIXED 0 0.00 0.00 0.00 0.00% 0.00 0.00 
0: TREES 0 0.00 0.00 0.00 0.00% 0.00 0.00 0: 
< 
<Xl TOTAL 5 3.455,259.30 100.00°";' 
PRAIRIE 4 113,536.50 369.689.50 1,029.529.60 85.42% 257.382.40 115,985.12 
w MixeD 2 1,699.00 122.444.80 124,143.80 10.30°";' 62,071.90 85,380.17 > 0 
0: TREES 2 25,312.50 26,323.91 51,636.41 4.28% 25,818.21 715.17 (!) 
TOTAL 8 1,205,309.81 100.00% 
PRAIRIE 44 446.91 1,605,714.00 10,476,010.72 96.64% 238,091.15 358,170.95 
I MIXED 4 1,045.86 197,539.80 364,453.31 3.36% 91,113.33 101,584.73 <Il 0: 
< TREES 0 0.00 0.00 0.00 0.00% 0.00 0.00 :;: 
TOTAL 48 10,840,464.03 100.00% 
PRAIRIE 34,447.59 34,447.59 34,447.59 18.67% 34,447.59 0.00 
0 MIXED 3 26,577.31 76,961.00 145,535.04 78.86°";' 48,511.68 25,815.93 z 
l( TREES 2 938.70 3,617.81 4,556.52 2.47% 2,278.26 1,894.42 
TOTAL 6 184,539.15 100.00% 
\!! 
PRAIRIE 31 38.455.14852,064,500.00 1,009,271,167.10 74.77% 32,557,134.42 152,431,735.38 
0: MIXED 41 0.16 67,614,920.00 253,822.116.15 18.800";' 6,190,783.32 12,745,000.40 
" TREES 48 77.56 37,501,310.00 86,799,869.02 6.43% 1,808.330.60 5,529,490.07 0: 0.. TOTAL 120 1.349,893.152.27 100.00% 
PRAIRIE 0 0.00 0.00 0.00 0.00% 0.00 0.00 
I MIXED 1 78,560.50 78,560.50 78,560.50 100.00% 78,560.50 0.00 .., 
::> 
TREES 0 0.00 0.00 0.00 0.00% 0.00 0 0.00 a: 
TOTAL 1 78,560.50 100.00% 
:r PRAIRIE 1 91,657.50 91.657.50 91,657.50 100.00% 91,657.50 0.00 (!) MIXED 0 0.00 0.00 0.00 0.00% 0.00 0.00 ::> 
0 TREES 0 0.00 0.00 0.00 0.00% 0.00 0.00 
..J 
<Il TOTAL 1 91,657.50 100.00% 
til PRAIRIE 85,287.50 85,287.50 85,287.50 43.06% 85,287.50 0.00 Q MIXED 1 46,322.34 46.322.34 46,322.34 23.39% 46,322.34 0.00 
i!: TREES 1 66,468.78 66,468.78 66,468.78 33.56% 66,468.78 0.00 TOTAL 3 198,078.62 100.00% 
PRAIRIE 44 2.572.56 23.991,450.00 82,211.167.22 14.430";' 1.868.435.62 3,902,546.64 
a: MIXED 55 295.97 41.748.960.00 213.043.547.64 37.38% 3.873,519.05 8,100,847.40 Ul co 
:;: TREES 23 81.33 125.904,700.00 274.657.717.18 48.19% 11.941.639.88 28.368,163.62 1= 
TOTAL 122 569,912,432.04 100.00% 
PRAIRIE 4 2.683.47 218,009.50 399,351.41 35.89% 99,837.85 88,783.15 
0 MIXED 6 6,901.22 357.115.10 713.356.73 64.11% 118,892.79 123.036.18 
..... 
~ TREES 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 10 1,112,708.14 100.00% 
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Table 4-8 Slope aspect for each vegetation type in Fayette County 
SLOPE 
ASPECT 
FLAT 
NORTH 
NORTHEAST 
~ EAST 
W SOUTHEAST 
0::: 
0::: SOUTH 
~ SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
WEAST 
~ SOUTHEAST 
0::: SOUTH 
(!) SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
:c EAST 
~ SOUTHEAST § SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
EAST 
~ SOUTHEAST 
~ SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
WEAST 
0:: 
<: 
0::: 
a.. 
SOUTHEAST 
SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
COUNT MIN 
(SQM) 
2 400.838.90 
2 62,500.00 
2 61.911.17 
6 188.34 
51.125.92 
5 11.532.70 
2 62,500.00 
2 62.500.00 
22 
5 1,516.78 
o 0.00 
o 0.00 
o 0.00 
3 17.539.63 
o 0.00 
a 0.00 
o 0.00 
4 20,912.28 
12 
31 2,003.31 
9 2,893.84 
16 167.38 
12 
15 
9 
26 
6 
19 
143 
3 
a 
a 
o 
o 
14.95 
358.44 
5.58 
101.28 
253.28 
0.56 
676.48 
0.00 
0.00 
0.00 
57,541.84 
0.00 
2 28,426.03 
1 1,098.27 
o 0.00 
7 
MAX 
(SQM) 
1,791,056.00 
62.500.00 
89,954.48 
213,894.70 
51,125.92 
142,173.30 
70,489.00 
62,500.00 
129,284.80 
0.00 
0.00 
0.00 
281,912.10 
0.00 
0.00 
0.00 
84,649.48 
1,087,756.00 
228,366.30 
203,826.00 
205,874.10 
512,721.00 
97,928.16 
713,899.90 
87,927.17 
238,579.60 
42,934.50 
0.00 
0.00 
0.00 
57,541.84 
0.00 
34,447.59 
1,098.27 
0.00 
422 9.63 68,045,590.00 
324 10.42 2,562,500.00 
738 11.59 3,687,500.00 
353 10.59 5,375,000.00 
813 0.09 5,000,000.00 
421 58.13 4,562,500.00 
950 21.28 6,125.000.00 
427 2.66 5,187.500.00 
750 1,81 2.687.500.00 
5198 
SUM 
(SQMI 
2,191,894.90 
125,000.00 
151.865.65 
361.944.84 
51,125.92 
315,514.81 
132,989.00 
125,000.00 
3,455,335.12 
225,802.88 
0.00 
0.00 
0.00 
331,852.50 
0.00 
0.00 
0.00 
219,011.28 
776,666.66 
4,907,897.57 
323,706.91 
755,633.89 
541,134.16 
1.004,429.40 
332,170.90 
2,097,779.67 
263,934.49 
569,877.36 
10,796,564.36 
63,030.57 
0.00 
0.00 
0.00 
57,541.84 
0.00 
62,873.62 
1,098.27 
0.00 
184,544.30 
468.790.935.82 
58.548.037.23 
122.719.175.69 
84,858,604.65 
117.200,744.18 
101,552,121.18 
184,780,605.72 
100,221.937.22 
98.239.345.17 
1.336.911.506.85 
%OF 
TOTAL AREA 
MEAN 
(SQM) 
STO 
(SQM) 
63.44% 1.095.947.45 
0.00% 
983,031.94 
3.62°A, 
4.40% 
10.47% 
1.48% 
9.13% 
3.85°'" 
3.62% 
100.00% 
29.07% 
O.OODA, 
O.OO"A, 
0.00% 
42.73% 
0.00% 
0.00% 
0.00% 
28.20% 
100.00% 
45.46% 
3.00% 
7.00% 
5.01% 
9.30% 
3.080,(, 
19.43°A, 
2.44% 
5.28% 
100.00% 
34.15% 
0.00% 
0.00% 
0.00% 
31.180,(, 
0.00% 
34.07% 
0.60% 
0.00% 
100.00% 
62,500.00 
75,932.83 
60,324.14 
51,125.92 
63,102.96 
66,494.50 
62,500.00 
45,160.58 
0.00 
0.00 
0.00 
110,617.50 
0.00 
0.00 
0.00 
54,752.82 
158,319.28 
35,967.43 
47.227.12 
0.00 
19,829.61 
78,312.54 
0.00 
48,164.94 
5,649.08 
0.00 
58,335.59 
0.00 
0.00 
0.00 
148,531.46 
0.00 
0.00 
0.00 
26.145.45 
261,279.27 
73,341.59 
50,382.04 
45,094.51 55.769.54 
66.961.96 131,959.88 
36,907.88 36,616.29 
80,683.83 154,494.95 
43,989.08 35,938.75 
29,993.55 54,447.88 
21,010.19 
0.00 
0.00 
0.00 
57,541.84 
0,00 
31,436.81 
1,098.27 
0.00 
21,173.86 
0.00 
0.00 
0.00 
0.00 
0.00 
4,257.89 
0.00 
0.00 
35.07°,(, 1.110,878.99 5,486,535.71 
4.38% 
9.18% 
6.35% 
8.77% 
7.60% 
13.82% 
7.50% 
7.35% 
100.00% 
180,703.82 303.887.83 
166,286.15 345.183.88 
240.392.65 531.245.41 
144.158.36 319.082.57 
241.216.44 490,066.66 
194.505.90 436.004.61 
234.711.80 453.045.78 
130,985,79 211,892.00 
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Table 4-8 Slope aspect for each vegetation type in Fayette County (continued) 
SLOPE 
ASPECT 
FLAT 
NORTH 
NORTHEAST 
:::t: EAST g SOUTHEAST 
o SOUTH 
0::: SOUTHWESt 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
:::t: EAST 
(!) SOUTHEAST :::J g 
(J) 
SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
tii EAST 
~ SOUTHEAST 
o 
:c 
I-
SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
0::: EAST 
UJ SOUTHEAST 
SOUTH 
co 
:2 
i= SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
FLAT 
NORTH 
NORTHEAST 
EAST 
9 SOUTHEAST 
UJ iI SOUTH 
SOUTHWEST 
WEST 
NORTHWEST 
TOTAL 
COUNT MIN 
(SQM) 
o 0.00 
o 0.00 
2 7.639.08 
2 6.131.59 
o 0.00 
o 0.00 
o 0.00 
o 0.00 
o 0.00 
4 
1 2,486.53 
o 0.00 
o 0.00 
1 48,085.20 
o 0.00 
o 0.00 
25.391.94 
1.609.42 
1 14.073.20 
5 
o 0.00 
47,211.73 
11,729.53 
854.39 
o 0.00 
o 0.00 
112.804.00 
2 2,525.02 
o 0.00 
6 
319 400.22 
349 1.27 
592 5.03 
397 18.75 
557 12.97 
352 1.75 
5:39 2.44 
353 5.14 
535 21.31 
3993 
8 1.033.19 
1 3.188.25 
3 1,691.30 
2 4,328.67 
5 6,152.91 
4 890.28 
7 0.30 
3 3,895.09 
2 48.369.45 
35 
MAX 
(SQM) 
0.00 
0.00 
38.596.28 
26.195.39 
0.00 
0.00 
0.00 
0.00 
0.00 
2,486.53 
0.00 
0.00 
48,085.20 
0.00 
0.00 
25,391.94 
1,609.42 
14,073.20 
0.00 
47,211.73 
11,729.53 
854.39 
0.00 
0.00 
112,804.00 
22,993.14 
0.00 
9.248,260.00 
1,250,000.00 
1,439,149.00 
1,062,500.00 
1,312.500.00 
1,125,000.00 
2.075,387.00 
1.125.000.00 
937,500.00 
73,048.33 
3,188.25 
77,577.52 
7,780.39 
30,218.56 
79,742.27 
94,269.69 
82.182.52 
59,592.28 
SUM 
(SQM) 
0.00 
0.00 
46.235.36 
32.326.98 
0.00 
0.00 
0.00 
0.00 
0.00 
78,562.34 
2,486.53 
0.00 
0.00 
48,085.20 
0.00 
0.00 
25.391.94 
1.609.42 
14.073.20 
91,646.29 
0.00 
47,211.73 
11,729.53 
854.39 
0.00 
0.00 
112.804.00 
25.518.16 
0.00 
198,117.81 
107.797.861.95 
43,088.501.85 
79.976,040.67 
50.513.337.35 
67.884.919.91 
41.470.590.74 
65.691.952.78 
44.058.890.59 
62.354.412.64 
562.836,518.47 
279,131.88 
3.188.25 
149.278.43 
12.109.06 
81.264.26 
175.878.06 
211.689.25 
92.047.19 
107.961.73 
1.112.548.11 
0;. OF 
TOTAL AREA 
0.000,(, 
0.000,(, 
58.85% 
41.15% 
0.000,(, 
0.00% 
0.00% 
0.000,(, 
0.000,(, 
100.00% 
2.71% 
0.000,(, 
0.00·", 
52.47% 
0.00% 
0.00% 
27.71% 
1.76% 
15.36% 
100.00% 
0.00% 
23.83% 
5.92% 
0.43% 
0.00% 
0.00% 
56.94% 
12.88% 
0.00% 
100.00% 
19.15% 
7.66% 
14.21 % 
8.97% 
12.06% 
7.37% 
11.67% 
7.83% 
11.08% 
100.00% 
25.09% 
0.29% 
13.42% 
1.09% 
7.30% 
15.81% 
19.03°", 
8.27% 
9.70% 
100.00% 
MEAN 
(SQM) 
0.00 
0.00 
23.117.68 
16.163.49 
0.00 
0.00 
0.00 
0.00 
0.00 
2,485.53 
0.00 
0.00 
48,085.20 
0.00 
0.00 
25,391.94 
1,609.42 
14,073.20 
0.00 
47,211.73 
11,729.53 
854.39 
0.00 
0.00 
112,804.00 
12,759.08 
0.00 
337.924.33 
123,462.76 
135.094.66 
127.237.63 
121.875.98 
117,814.18 
121.877.48 
124.812.72 
116,550.30 
34.891.48 
3.188.25 
49.759.48 
6.054.53 
16.252.85 
43.969.52 
30.241.32 
30.682.40 
53.980.87 
STC 
(SQM) 
0.00 
0.00 
21,890.05 
14.187.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
14,473.15 
0.00 
850.729.43 
132.715.33 
157.082.30 
129,552.90 
138,148.79 
137,023.82 
183.890.38 
140.958.05 
120.856.48 
28,752.53 
0.00 
41.799.89 
2,440.73 
10.249.69 
33.454.60 
33.828.39 
44,612.45 
7,935.74 
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upland categories (flat) and Timber was predominately in the transitional category (not flat). 
Furthermore, flat slope aspects in SOS Timber (bottomland) had the largest mean area. This 
suggests that timber stands on the bottomland were typically larger than those in the 
transitional landscape positions. Rough was exclusively on east and northeast slope aspect 
categories. Half (57%) of Thicket was on southwest slope aspects. Flat aspects constituted 
25 percent of Field; however, the largest mean area was found on northeast aspects. 
Slope steepness (see Figure 3-18) was mapped using a procedure similar to that for slope 
aspect. After the digital hypsography file was converted to an ArcCAD coverage, each 
individual vegetation type was combined with the slope steepness coverage to determine their 
composition. Five classes of slope steepness were derived with slope ranges similar to those 
used in USDA soil survey maps: 
1. 0-2 percent slope 
2. 2-5 percent slope 
3. 5-14 percent slope 
4. 14-25 percent slope 
5. 25 percent and greater slope 
Table 4-9 shows slope steepness data for Fayette County. Prairie was predominately on flat 
slopes (0-2%). Timber was evenly split between 0-2 percent slopes (35%) and 5-14 percent 
slopes (36%). The mean area for Timber refuted some of the earlier conclusions. The largest 
mean area was found on slopes of 5-14 percent. This did not support the hypothesis that 
bottomland positions and flat aspects typically had larger, continuous stands of Timber. 
Slough and Marsh were almost exclusively on 0-2 percent slopes (98% and 95% 
respectively). Pond, however, was predominately on 0-2 percent slopes (68%) but 32 percent 
of the Pond type was on slopes greater than 2 percent. Because there were very few Pond 
polygons in the county (four) with a relatively small area (0.01 % of the county), it would not 
have been too difficult for the surveyors or the digitizers to incorrectly place a polygon on the 
map. 
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Table 4-9 Slope steepness statistics for Fayette County 
SLOPE COUNT MIN MAX SUM "I. OF MEAN STD 
STEEPNESS (SQM) (SQM) (SQ M) TOTAL AREA (SQM) (SQM) 
0·2% 4 7,169.53 2.429,645.00 3,043,829.24 88.09% 760,957.31 1,138,595.89 
CI) 2-5"1. 3 188.34 406,925.20 411.476.72 11.91% 137,158.91 233,633.79 z 
w 5·14% 0 0.00 0.00 0.00 0.00% 0.00 0.00 ~ 14·25'/0 0 0.00 0.00 0.00 0.00% 0.00 0.00 ~ 
« 25·100"1. 0 0.00 0.00 0.00 0.00% 0.00 0.00 CD 
TOTAL 7 3,455,305.96 100.00% 
0·2% 5 1,516.78 242,873.30 529,253.76 43.91% 105,850.75 87,382.46 
w 2-5% 3 47,957.28 307,057.70 487,228.68 40.42% 162.409.56 132,163.15 
> 6-14"1. 3 28,021.50 71,310.16 161,831.66 13.43% 53,943.89 22,877.55 0 
~ 14·25% 1 26,964.53 26,964.53 26,964.53 2.24% 26,964.53 0.00 (!) 25·100% 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 12 1,205,278.63 100.00% 
0·2% 42 3,370.19 1,605,714.00 10,271,073.65 95.13% 244,549.37 366,581.75 
:I: 2-5% 9 3,842.00 217,422.80 489,943.99 4.54% 54,438.22 70,127.20 
CI) 5·14% 1 23,692.59 23,692.59 23,692.59 0.22% 23,692.59 0.00 ~ 
« 14·25"1. 1 2,635.02 2.635.02 2,635.02 0.02% 2.635.02 0.00 
~ 25·100% 1 9,302.98 9,302.98 9.302.98 0.09% 9,302.98 0.00 
TOTAL 54 10.796.648.23 100.00% 
0·2% 4 676.48 46.841.80 124,900.37 67.68% 31,225.09 21.012.64 
2-5"1. 1 30,122.45 30,122.45 30,122.45 16.32°'" 30,122.45 0.00 
0 5·14"1. 1 29,524.20 29,524.20 29.524.20 16.00'''' 29,524.20 0.00 z 
0 14·25% 0 0.00 0.00 0.00 0.00% 0.00 0.00 a. 
25·100% 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 6 184,547.02 100.00% 
0·2% 285 267.75 293,056,500.00 1,033,875,566.90 77.35% 3,627,633.57 28,169,442.78 
w 2-5% 435 2.00 20,310,050.00 219.723,129.56 16.44% 505,110.64 1,376,551.26 
a: 6·14% 226 0.05 14.231,350.00 73,716.100.08 5.52% 326,177.43 1.151.506.41 
<: 14·25% 93 54.84 935,089.70 7.737,585.97 0.58% 83,199.85 113.073.47 ~ 
a. 25·100"1. 30 25.50 125,000.00 1,489,314.04 0.11°'" 49,643.80 24,656.93 
TOTAL 1069 1,336.541,696.55 100.00% 
0·2% 61,504.97 61,504.97 61,504.97 78.29% 61,504.97 0.00 
:I: 2-5% 1 17.052.19 17.052.19 17,052.19 21.71% 17.052.19 0.00 
(!) 5·14% 0 0.00 0.00 0.00 0.00% 0.00 0.00 
::::l 14·25% 0 0.00 0.00 0.00 0.00% 0.00 0.00 0 
~ 25·100% 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 2 78.557.16 100.00% 
0·2% 1 90,061.77 90.061.77 90.061.77 98.24% 90.061.77 0.00 
:I: 2-5% 1 1,609.42 1,609.42 1,609.42 1.76% 1,609.42 0.00 
(!) 6-14% 0 0.00 0.00 0.00 0.00% 0.00 0.00 ::::l 
0 14·25% 0 0.00 0.00 0.00 0.00% 0.00 0.00 
-' 
CI) 25·100"1. 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 2 91,671.19 100.00% 
0·2"1. 4 3,379.41 50.268.38 116,551.65 58.84% 29.137.91 20,524.85 
I- 2-50/. 3 7.292.48 58,927.17 81.530.32 41.16°" 27,176.n 27.787.38 
w 5·14"1. 0 0.00 0.00 0.00 0.00% 0.00 0.00 !.:: 
0 14·25% 0 0.00 0.00 0.00 0.00% 0.00 0.00 :i: 
I- 25·100% 0 0.00 0.00 0.00 0.00°'" 0.00 0.00 
TOTAL 7 198.081.97 100.00% 
0·2% 405 5.13 24.318.360.00 193,919,389.38 34.50% 478.813.31 1,761,192.15 
~ 2-5% 603 8.53 4,688,708.00 107,212,555.22 19.07% 177,798.60 346,497.23 
w 5·14% 302 3.50 30,238,110.00 203,893.932.81 36.27% 675.145.47 2,825.258.12 CD 
~ 14·25% 258 149.03 2,625,000.00 48,060.675.67 8.55% 186,281.69 286,310.09 
i= 25·100"1. 140 2.497.55 250.000.00 8,994,464.73 1.60% 64,246.18 23,595.41 
TOTAL 1708 562.081.017.81 100.00°" 
0·2% 10 7,034.08 158,895.20 628,343.91 56.47% 62,834.39 56,609.04 
2-5% 6 1,691.30 171,482.90 442,041.42 39.73% 73,673.57 60,503.78 
0 5·14% 2 3.406.36 38,846.16 42,252.52 3.80% 21.126.26 25,059.72 
-' 
w 14·25% 0 0.00 0.00 0.00 0.00% 0.00 0.00 u: 
25·100"1. 0 0.00 0.00 0.00 0.00% 0.00 0.00 
TOTAL 18 1,112,637.85 100.00% 
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Even if it was slightly misplaced, the effect on the statistics would have been greater than if 
Prairie had been misplaced, for instance. 
Four ofthe ten SOS vegetation types contained witness trees in Fayette County: 
1. Timber 
2. Prairie 
3. Grove 
4. Barrens 
The GLO surveyors used thirty different species as witness trees in Fayette County (see 
Table 4-10). The species names in Table 4-10 came from the work done by Professor Daryl 
Smith at the University of Northern Iowa (Smith 1988). All but one species (red elm) was 
found in Timber. The three most frequent witness tree species in Fayette County were white 
oak (27%), burr oak (25%) and black oak (16%). Of those three, white oak was the most 
common species in Timber (93%) but white oak in Timber accounted for only 29 percent of 
all white oak witness trees. Burr oak was also found in Timber. but it constituted 47 percent 
of all witness trees in Prairie and 50 percent of all witness trees in Barrens. Grove was 
comprised of willow. black oak and elm. Barrens consisted of butternut, white oak and burr 
oak. 
Witness tree distance data were analyzed for the four GLO vegetation types containing 
witness trees. These data measure the distance from the witness tree to one of three survey 
points: section comers, quarter section comers or trees intersecting the survey line. Posts 
erected to mark section and quarter section comers were referenced by measuring the 
distance and direction for at least two trees, one nearest to the post and one in the opposite 
quadrant. Trees directly in the path of the survey line were also noted. In Fayette County, 
distances ranged from zero for the trees on the survey line to 172 meters for a witness tree in 
Prairie. Table 4-11 shows the summary statistics for Timber, Prairie, Grove and Barrens. 
Grove had the lowest mean distance (six meters), but there were only four witness trees. In 
contrast, Prairie had the highest mean distance (twenty-four meters) with 200 witness trees. 
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Table 4-10 Witness tree species for Fayette County 
ALL SPECIES TIMBER PRAIRIE GROVE BARRENS 
SPECIES 'I. % % % 'I. 'I. 'I. % % 
CODE NAME CT TOTAL CT TIMBER TOTAL CT PRAIRIE TOTAL CT GROVE TOTAL CT BARRENS TOTAL 
100 PINE 1 0.1% 1 0.1% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
121 RED CEDAR 3 0.2% 3 0.2% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
200 ASPEN, POPLAR 49 3.0% 45 3.2% 91.8% 4 2.0% 8.2% 0 0.0% 0.0% 0 0.0% 0.0% 
203 COTTONWOOD 16 1.0% 12 0.8% 75.0% 4 2.0% 25.0% 0 0.0% 0.0% 0 0.0% 0.0% 
210 WILLOW 2 0.1% 1 0.1% 50.0% 0 0.0% 0.0% 1 25.0% 50.0% 0 0.0% 0.0% 
301 BUTTERNUT 8 0.5% 8 0.6% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 1 12.5% 12.5% 
302 BLACK WALNUT 3 0.2% 3 0.2% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
310 HICKORY 43 2.6% 35 2.5% 81.4% 7 3.5% 16.3% 0 0.0% 0.0% 0 0.0% 0.0% 
400 BIRCH 1 0.1% 1 0.1% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
411 IRONWOOD 28 1.7% 27 1.9% 96.4% 1 0.5% 3.6% 0 0.0% 0.0% 0 0.0% 0.0% 
600 OAK 2 0.1% 2 0.1% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
601 WHITE OAK 439 27.0% 407 28.8% 92.70/. 29 14.5% 6.6% 0 0.0% 0.0% 3 37.5% 0.7% 
503 RED OAK 32 2.0% 32 2.3% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
604 BUR OAK 411 25.3% 314 22.2% 76.4% 93 46.5% 22.6% 0 0.0% 0.0% 4 50.0% 1.0% 
605 YELLOW OAK 8 0.5% 4 0.3% 50.0% 4 2.0% 50.0% 0 0.0% 0.0% 0 0.0% 0.0% 
606 BLACK OAK 261 16.1% 219 15.5% 83.9% 40 20.0% 15.3% 2 50.0% 0.8% 0 0.0% 0.0% 
507 PIN OAK 12 0.7% 10 0.7% 83.3% 2 1.0% 16.7% 0 0.0% 0.0% 0 0.0% 0.0% 
609 UNKNOWN 7 0.4% 5 0.4% 71.4% 2 1.0% 28.6% 0 0.0% 0.0% 0 0.0% 0.0% 
600 ELM 73 4.5% 70 5.0% 95.9% 2 1.0% 2.7% 1 25.0% 1.4% 0 0.0% 0.0% 
602 RED ELM 0.1% 0 0.0% 0.0% 1 0.5% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 
611 HACKBERRY 4 0.2% 4 0.3% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
730 CHERRY 6 0.4% 6 0.4% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
900 MAPLE 3 0.2% 3 0.2% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
901 SUGAR MAPLE 106 6.5% 104 7.4% 98.1% 2 1.0% 1.9% 0 0.0% 0.0% 0 0.0% 0.0% 
905 BOX ELDER 4 0.2% 3 0.2% 75.0% 1 0.5% 25.0% 0 0.0% 0.0% 0 0.0% 0.0% 
911 BASSWOOD 65 4.0% 61 4.3% 93.8% 4 2.0% 6.2% 0 0.0% 0.0% 0 0.0% 0.0% 
920 ASH 10 0.6% 10 0.7% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
921 WHITE ASH 17 1.0% 13 0.9% 76.5% 4 2.0% 23.5% 0 0.0% 0.0% 0 0.0% 0.0% 
923 BLACK ASH 9 0.6% 9 0.6% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
925 BLUE ASH 1 0.1% 0.1% 100.0% 0 0.0% 0.0% 0 0.0% 0.0% 0 0.0% 0.0% 
TOTALS 1625 1413 200 4 8 
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Statistics for diameter of witness trees were also computed using the data from the UNI 
project. In some instances, no diameter was recorded for the witness tree. In the database 
this was recorded as a diameter of zero. This could have happened for two reasons: the 
surveyor neglected to record a diameter or the diameter was not keyed in properly during the 
UNI project. Included in Table 4-12 is the mean diameter in centimeters for each vegetation 
type. Grove had the smallest mean diameter (28 cm) and Barrens had the largest (34 cm). 
Table 4-11 Distance statistics for witness trees in Fayette County 
VEGETATION COUNT MIN MAX SUM MEAN STD 
TYPE (M) (M) (M) (M) (M) 
TIMBER 1413 0 167 18,514 13.09 17.25 
PRAIRIE 200 0 172 4,774 23.87 28.60 
GROVE 4 3 9 23 5.74 2.44 
BARRENS 8 0 40 80 9.98 15.19 
TOTALS 1625 23,391 14.39 19.30 
Table 4-12 Diameter statistics for witness trees in Fayette County 
VEGETATION COUNT MIN MAX SUM MEAN STD 
TYPE (CM) (CM) (CM) (CM) (CM) 
TIMBER 1413 0 112 742,668 33.29 15.04 
PRAIRIE 200 0 81 83,386 29.20 14.41 
GROVE 4 18 38 1,316 27.94 8.55 
BARRENS 8 10 51 4,176 33.66 14.86 
TOTALS 1625 831,545 32.79 15.01 
The final characteristic of SOS vegetation types examined through descriptive statistics 
was size class (Table 4-13). The purpose of this comparison was to determine if there were 
differences in the mean sizes of the SOS vegetation types. Specifically, this was useful for 
examining the differences between two similar types, such as Slough and Marsh. Marsh had 
a mean size three times greater than Slough. 
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Table 4-13 Area statistics for vegetation types in Fayette County 
VEGETATION 
TYPE 
BARRENS 
GROVE 
MARSH 
POND 
PRAIRIE 
ROUGH 
SLOUGH 
THICKET 
TIMBER 
FIELD 
TOTALS 
COUNT MIN MAX SUM 
~Q~ ~QM) ~Q~ 
2 479,291 2,976,018 3,455,309 
5 28,022 700,088 1,205,302 
38 25,168 1,605,714 10,922,873 
4 30,200 76,961 184,543 
14 297,497 1,192,454,000 1,311,252,071 
1 78,561 78.561 78.561 
1 91,658 91.658 91,658 
2 85,288 112.804 198,092 
17 254.302 462,292,600 564.526.224 
8 60,407 357,115 1.112.679 
92 1,893.027.308 
Savanna Character 
PERCENT 
COUNTY 
MEAN 
(SQ M) 
STD 
(SQ M) 
0.18 1,727,654.25 1,765,452.95 
0.06 241,060.30 265,373.78 
0.58 287,444.02 383,504.10 
0.01 46,135.65 21.221.23 
69.27 93,660,862.20316,629,476.04 
0.00 78,560.50 0.00 
0.00 91.657.50 0.00 
0.01 99,045.75 19,457.10 
29.82 33,207.424.93 110.935.266.20 
0.06 139.084.81 100,670.43 
100.00 20.576.383.78 132.716.229.31 
The third goal of this thesis project was to examine the GLO maps and vegetation types 
to discover the implications for savanna character. After initial examination of the witness 
tree data, four characteristics were identified that help determine savanna character: 
1. Witness tree composition 
2. Witness tree distance 
3. Witness tree diameter 
4. Witness tree density per square kilometer 
Measures of these characteristics were made first for Fayette County. For comparison, the 
same measures were made for Jackson County. Jackson County was selected because of its 
wide range of vegetation types and availability of the UNI witness tree database (described in 
Chapter 3). Three of the above four measures were completed for Fayette County (see 
Tables 4-10, 4-11, 4-12). Measures for Jackson County are discussed next. 
Sixteen vegetation types were identified in Jackson County (Figure 4-6). Twelve of the 
sixteen vegetation types in Jackson County contained witness trees: 
1. Barrens 
2. Field 
3. Grove 
4. Island 
5. Lake 
6. Pond 
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7. Prairie 
8. River 
9. Scattering trees 
10. Timber 
11. Timber-Scattering trees-Openings 
12. Wet prairie 
Table 4-14 lists the witness tree species in Jackson County and the percent of each species in 
each vegetation type. There were three unidentified species codes in the database. This was 
probably due to a coding error during the UNI project. Either the species were mis-coded or 
the codes were omitted in the key. The most frequent species in Jackson County was white 
oak which comprised 37 percent of all witness trees in the county. Other dominant species 
included black oak (19%), burr oak (13%) and sugar maple (5%). In Fayette County, white 
oak was also the dominant species (27%) while bur oak and black oak were also common 
witness trees (25% and 16% respectively). 
When comparing witness tree characteristics of each vegetation type in the two counties, 
many similarities were identified. The highest frequency witness tree species in Barrens was 
burr oak (23% in Jackson, 50% in Fayette). The second most frequent species in Barrens in 
Jackson County was jack oak (17%). In contrast, the second most frequent witness tree 
species in Barrens in Fayette County was white oak (38%). However, in Fayette County, 
white oak tied for third most frequent species in Barrens (11 %). Grove in Jackson County 
was comprised primarily of bur oak (83%). In contrast, Grove in Fayette County was 
comprised primarily of black oak (50%). There were no recorded instances of bur oak in 
Grove in Fayette County and no instances of black oak in Grove in Jackson County. The 
three most frequent species in Prairie in Jackson County were white oak (29%), black oak 
(27%) and burr oak (22%). In contrast, Prairie in Fayette County was comprised of 47% burr 
oak, 20% black oak and 15% white oak. Finally, Timber in Jackson County was comprised 
of 37% white oak, 15% black oak and 9% sugar maple. In comparison, the three highest 
frequencies for Timber in Fayette County were white oak (29%), bur oak (22%) and black 
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oak (16%). Sugar maple was the next most common witness tree species in Timber in 
Fayette County (7%). 
Other vegetation types that contained a large percentage of witness trees were Field (27% 
burr oak and 27% white oak), Island (33% ash), Scattering (37% white oak), Timber-
Scattering-Openings (53% white oak), and Wet Prairie (22% white oak and 22% hackberry). 
Lake and Pond types each contained two witness trees. Both of these types have a relatively 
small area and it was conceivable that a slight shift in their correct positions could have 
occurred while the surveyor was drawing the map or while the map was being digitized. In 
either case, the witness trees were located inside the Lake and Pond polygons. River 
contained 63 witness trees. It was likely that this occurred because of the rubber-sheeting 
process described in Chapter 3. Because the boundary of the state was not defined by the 
west bank of the Mississippi, which is the eastern limit of the SOS maps, it was difficult to 
establish control points for the rubber-sheeting process. As a result, the witness trees that 
were part of River were probably located on the banks of the Mississippi River. Because of 
the process used, the changes in river channel and the changes in the state boundary over 
time, witness trees along the Mississippi River were plotted incorrectly (see Figure 4-7). 
Thus, witness tree data for all of the vegetation types found near the river boundary were not 
used in the analysis of Jackson County witness trees. 
Statistics for each vegetation type were computed based on the distance from survey 
points to witness trees in Jackson County (Table 4-15). If River, Pond and Lake types were 
disregarded for the reasons listed above, the vegetation type with the smallest mean distance 
from a survey point was Island (4 meters). Scattering trees were second smallest (6.81 
meters). These data differed from those computed for Fayette County. When comparing 
corresponding categories for each county, none of the categories was similar except Grove 
which had the smallest mean distance of the four corresponding types in both counties. See 
Figure 4-8 for a comparison of mean distances for these four types. 
Another characteristic of witness trees in the UNI database was trunk diameter. This 
measure helped determine the range of sizes of individual trees in each vegetation type. 
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Table 4-15 Witness tree distance statistics for Jackson County 
VEGETATION 
TYPE 
BARRENS 
FIELD 
GROVE 
ISLAND 
LAKE 
POND 
PRAIRIE 
RIVER 
SCATTERING 
TIMBER 
TSO 
WET 
TOTALS 
I 25.00 
w 20.00 
0 
z 15.00 ~ 
UJ 10.00 C 
z 5.00 « 
w 
~ 0.00 
PRAIRIE 
COUNT MIN MAX 
(M) (M) 
35 a 127 
11 a 49 
6 a 19 
15 a 16 
2 a 13 
2 3 4 
482 a 158 
63 a 21 
637 a 160 
2527 a 375 
474 a 177 
9 a 28 
4263 
SUM MEAN STD 
(M) 
523 
119 
50 
60 
13 
7 
6,593 
329 
4,335 
24,150 
3,665 
74 
39,918 
(M) (M) 
14.94 24.83 
10.82 18.04 
8.33 6.56 
4.00 6.56 
6.50 9.19 
3.50 0.71 
13.68 24.00 
5.22 
6.81 
9.56 
7.73 
8.22 
4.79 
15.89 
19.42 
15.82 
11 .84 
o FAYETTE 
• JACKSON 
BARRENS GROVE 
VEGETATION TYPE 
Figure 4-8 Comparison of mean witness tree distances for Fayette and Jackson Counties 
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Figure 4-9 Comparison of mean witness tree diameters between Fayette and Jackson 
Counties 
Table 4-16 shows statistics based on witness tree diameter. River, Pond and Lake were, once 
again, disregarded for reasons discussed previously. The vegetation type with the largest 
mean diameter was Timber-Scattering-Openings (40 centimeters). The smallest mean 
diameter was in Grove (22 centimeters). A comparison chart for mean diameter of four 
vegetation types was shown in Figure 4-9. The largest difference in means when the two 
counties were compared was in Fayette County. The means for Barrens and Timber were 
nearly the same (33.66 cm and 33.29 cm). However, in Jackson County, the means for 
Barrens and Timber were different (30.04 cm and 37.74 cm respectively). 
Relative density was the fmal characteristic compared using witness tree data in Fayette 
and Jackson Counties. This relative density measure for each vegetation type was based on 
the number of witness trees and the total area of the vegetation type (Table 4-17). The 
formula for witness tree density was the following: 
# of witness trees/ . ' . / total area of vegetatIon type (m mIles) 
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Table 4-16 Witness tree diameter statistics for Jackson County 
VEGETATION COUNT MIN MAX SUM MEAN STD 
TYPE (CM) (CM) (CM) (CM) (CM) 
BARRENS 35 18 61 1052 30.04 9.49 
FIELD 11 0 76 409 37.18 23.40 
GROVE 6 10 30 130 21.59 8.76 
ISLAND 15 15 66 564 37.59 16.04 
LAKE 2 30 38 69 34.29 5.39 
POND 2 36 46 81 40.64 7.18 
PRAIRIE 482 0 122 12558 26.05 14.01 
RIVER 63 10 66 2174 34.51 14.98 
SCATIERING 637 0 76 18346 28.80 14.04 
TIMBER 2527 0 465 95380 37.74 20.45 
TSO 474 0 102 18943 39.96 17.64 
WET 9 20 53 287 31.89 12.39 
TOTALS 4263 149992 
Table 4-17 Relative density statistics for Jackson County 
VEGETATION COUNT AREA WIT TREES 
TYPE (SQ MILE) PERSQ MILE 
PRAIRIE 496 171.46 2.89 
POND 2 0.51 3.95 
WET PRAIRIE 9 1.97 4.58 
GROVE 6 0.91 6.63 
BARRENS 35 4.60 7.61 
TSO 482 62.36 7.73 
SCATIERING 639 80.30 7.96 
RIVER 65 7.98 8.14 
TIMBER 2589 315.91 8.20 
ISLAND 15 1.76 8.54 
FIELD 11 1.21 9.06 
LAKE 2 0.22 9.26 
TOTALS 4351 649.19 6.70 
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Figure 4-10 Relative density of witness trees in Fayette and Jackson Counties 
Relative density statistics for Pond, Lake and River were disregarded for reasons 
discussed previously. Field had the highest witness tree relative density at 9.1 witness trees 
per square mile. Island and Timber were next highest at 8.5 and 8.2 witness trees per sq. 
mile. The lowest witness tree density was in Prairie (2.9 witness trees per sq. mile). In 
comparing the two counties, witness tree densities for each vegetation type were similar 
except for Grove. Grove had the highest density in Fayette County, but was third highest in 
Jackson County (Figure 4-10). 
Vector Comparison 
The results of using vector based GIS are discussed in Chapter Five. 
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CHAPTER 5. CONCLUSIONS 
Metadata 
Metadata has been defined as "additional data about the quality of the regular data" 
(Gowan 1995, p. 1). For this thesis project, describing metadata for the GLO maps was a 
major goal. Questions concerning metadata for the GLO maps included the following: 
1. What kind of training did the GLO surveyors have? 
2. How much did they know about plant species and communities? 
3. How were the field maps (topographies included with the microfilm) created? 
4. Why is the microfilm missing some maps from the eastern half of the state and all of 
the maps from the western half of the state? 
The first two questions were the most difficult to answer. Through the literature review, it 
was discovered that many of the surveyors were quite educated, influential men. For 
example, William Burt, an early deputy surveyor in Iowa, was an assistant district judge and 
a Michigan Territory legislator. He was also credited with the first working solar compass 
(Cazier 1977). Very little has been found related to the training necessary to become a 
deputy surveyor. Stewart (1935, p. 59) quotes an 1882 document by Donaldson that states a 
deputy surveyor must be a professional: 
The surveyors general ... enter into contracts with professional surveyors whom they 
commission as their deputies, and who are thoroughly acquainted with the system and the 
official requirements in regard to field operations. 
According to Stewart (1935), the survey system was performed on a contract basis so the 
level of accountability may have been greater for two reasons: 
1. The deputy surveyors were responsible directly to the Surveyor General 
2. They were required to put up a surety bond, double the amount of the contract 
Examination surveys were another way to ensure that the surveys were completed correctly 
and accurately. These examinations were regularly done in Iowa (Stewart 1935). Three to 
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five percent of each survey contract amount was withheld to help finance the examination 
surveys. This process worked so well in Iowa that the surveyor general reported no fraud in 
the state (Stewart 1935). 
In the literature review, nothing was found that related to the surveyors' knowledge of 
plant species and communities. This omission could have been because it was assumed that 
the contracted surveyors would be adequately trained. It could also be that witness tree 
species identification was not as important to the survey as the cardinal direction and the 
distance to the witness tree. In fact, witness trees were recorded in the field books using 
common names, not scientific ones. 
The third question was related to the method of creating the maps found in the field 
books. Again, there was very little information regarding these methods. Most of the 
information came from the instructions to the surveyors. It was not until the 1855 
instructions that the plat maps were mentioned in detail under the field book section. 
According to Stewart (1935, p. 185) the instructions for exterior township lines and interior 
section lines had slightly different procedures for making a topography. 
With the notes of the exterior lines of the townships, the deputy surveyor is to submit a 
plat of the lines run, on a scale of two inches to the mile, on which are to be noted all the 
objects of topography on line necessary to illustrate the notes ... also, the intersection of 
line by prairies, marshes, swamps, ravines, ponds, lakes, hills, mountains, and all other 
matters indicated by the notes, to the fullest extent practicable. 
With the instructions for making subdivisional surveys of the townships into sections, the 
deputy will be furnished by the Surveyor General with a diagram of the exterior lines of 
the townships to be subdivided (on the above named scale) ... And on such diagram the 
deputy who subdivides will make appropriate sketches of the various objects of 
topography as they occur on his lines, so as to exhibit not only the points on line at which 
the same occur, but also the direction and position of each between the lines, or within 
each section, so that every object of topography may be properly completed or connected 
in the showing. 
These instructions show that the township line surveyor's plat map was either given directly 
to the sectional surveyor, or a copy of it was made. It seems more likely that a standard form 
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was used and the township line surveyor's information was added to this form before it was 
given to the deputy surveyor charged with surveying the section lines. These instructions 
also indicated that the surveyor should make sketches of every object. This was often not 
done (see Figure 3-9). Further research into this question is necessary to determine whether 
topographies created after 1855 were more complete than those created before these detailed 
instructions. 
The final question also was difficult to answer. Research during this thesis project 
indicated that most maps missing from the microfilm were surveyed after 1850. It seems 
likely, based on the above quotes, that the surveyors had to include topographies with their 
survey books. The most likely explanation was that these maps were stored in a different 
place, or some other agency or individual used them before the microfilming process (1970) 
and the maps were never found or returned. 
Although there are still many unknowns about the metadata for the GLO maps and notes, 
there have been several questions answered during this research project: 
1. There are three sources or forms of data available to researchers, two of which are 
available on microfilm 
2. The three sources can be traced back to the original source, the SOS topographies 
The three sources of data include the following: 
1. Original field books and topographies (field books) created in the field by deputy 
surveyors. 
2. Typescripts of those surveyors' notes by a Works Progress Administration (WPA) 
project in the 1930s. These notes were microfilmed in the 1970s, along with some of 
the original topographies. 
3. Official plat maps created by the surveyor general's office in Dubuque. Three copies 
of the plat maps were created by hand from the original topographies. 
Evidence discovered by this thesis project supports the hypothesis that the first source is 
the primary source for the other two forms of data. In comparing the SOS and WP A copies 
of the microfilm maps, it was found that, for Fayette County, there was a negligible 
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difference in the mean areas of the nine vegetation types. More research needs to be done to 
determine if this is true for other counties in Iowa. 
Recommendations 
When using the GLO survey data to reconstruct historic vegetation patterns there were 
three important points to remember: 
1. Source of the map materials 
2. Differences in time and surveyor for each county 
3. Scale and scope of the original project 
The source of the map materials was the least important point. Results of comparisons 
presented in Chapter 4 show that there were negligible differences between the original SOS 
topographies and the WPA plat maps for Fayette County. Further research would help 
determine if this is true for other counties in the state. 
In Fayette County, the differences in survey date and deputy surveyor were significant. 
The GLO survey procedure was carried out for the whole state as contracts were awarded and 
cession treaties made land available. This means that the state was not surveyed county by 
county. Thus, in some of the counties, there are large intervals between township survey 
dates. This means that vegetation conditions could have changed due to natural occurrences 
or human influence during the interval lapse in survey dates. Furthermore (based on reading 
the notes), each deputy surveyor had his own style of describing vegetation, training and 
sensitivity to the landscape. What one surveyor called barrens, another may have called 
scattering trees. Where one surveyor attempted to delineate vegetation boundaries between 
similar types, another surveyor may have chosen to aggregate all of the types into one. 
Further research into the correlation between surveyor and vegetation type could help to 
quantify personal surveyors' differences in vegetation classification. 
Finally, the original scale and scope of the GLO survey was important to remember. Low 
land prices at the time of the surveys made accuracy in the GLO survey less important than it 
is today. The vegetation boundaries drawn on the GLO maps were based on a transect survey 
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with transect lines one mile apart. Because of this, GLO vegetation data should not be used 
for projects with study areas smaller than one county. These data are better suited to county 
and regional studies. 
Vegetation Descriptions 
The development of vegetation descriptions for the vegetation types in the GLO data was 
the most important goal of this thesis project. Vegetation descriptions for Fayette County 
were developed by measuring the differences and similarities in slope aspect, slope steepness, 
landscape position, witness tree composition, witness tree distance and diameter, and 
vegetation type area. These descriptions will help future researchers interpret GLO 
vegetation data from Fayette County. Each vegetation type for Fayette County is described 
below using data presented in Chapter 4. 
BARRENS 
• Predominately upland or transition landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat slope aspect 
• Predominately 0-2% slopes 
• Predominately composed of bur oak and white oak 
• Mean witness tree distance was 10 meters (2nd largest) 
• Mean witness tree diameter was 34 centimeters (largest) 
• Mean area of 1.73 square kilometers (3rd largest) 
GROVE 
• Predominately upland or transition landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately southeast slope aspect 
• Predominately 0 to 5% slopes 
• Predominately composed of bur oak but also willow and elm 
• Mean witness tree distance was 6 meters (smallest) 
• Mean witness tree diameter was 29 centimeters (smallest) 
• Mean area of 0.24 square kilometers (5th largest) 
MARSH 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat and southwest slope aspects 
• Predominately 0-2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.29 square kilometers (4th largest) 
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POND 
• Predominately bottomland landscape positions 
• Dominant native vegetation from soils was mixed grass and trees 
• Evenly distributed across flat, southeast, and southwest slope aspects 
• Predominately 0-2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.05 square kilometers (smallest) 
PRAIRIE 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat and southwest slope aspects 
• Predominately 0-2% slopes 
• Witness trees were predominately bur oak with the remainder other species of oak 
• Mean witness tree distance of 24 meters (largest) 
• Mean witness tree diameter of29 centimeters (3rd largest) 
• Mean area of93.66 square kilometers (largest) 
ROUGH 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was mixed trees and prairie 
• Predominately north and northeast slope aspects 
• Predominately 0-2% slopes 
• No recorded instances of witness trees 
• Mean area was 0.08 square kilometers (9th largest) 
SLOUGH 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately East and Southwest slope aspects 
• Predominately 0-2% slopes 
• No recorded instances of witness trees 
• Mean area was 0.09 square kilometers (7th largest) 
THICKET 
• Predominately transition landscape positions 
• Dominant native vegetation from soils was mixed trees and prairie 
• Predominately southwest and north slope aspects 
• Predominately 0 to 5% slopes 
• No recorded instances of witness trees 
• Mean area was 0.10 square kilometers (8th largest) 
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TIMBER 
• Predominately Transition landscape positions 
• Dominant native vegetation from soils was mostly trees, but some mixed trees and 
prame 
• Predominately flat, northeast, southeast, southwest and northwest slope aspects 
• Predominately 0-2% and 5-14% slopes 
• The witness trees were mainly composed of white oak and bur oak 
• The mean distance for witness trees from survey points was 13 meters (third largest) 
• The mean diameter of witness trees was 33 centimeters (2nd largest) 
• The mean area was 33.21 square kilometers (2nd largest) 
FIELDS 
• Predominately upland and bottomland landscape positions 
• Dominant native vegetation from soils was either prairie or mixed trees and prairie 
• Predominately flat or southwest slope aspects 
• Predominately 0 to 5% slopes 
• No recorded instances of witness trees 
• Mean area was 0.14 square kilometers (6th largest) 
Statistics presented in Chapter 4 indicated that there were two main vegetation types 
mapped in Fayette County: Timber and Prairie. These two types comprised 99 percent ofthe 
county's area. Grove was a dense, young stand of trees. In contrast, Barrens had fewer trees 
but larger ones. Rough and Thicket were probably small patches of shrubs or small trees. 
Slough and Marsh were both found on uplands with similar slope aspects but had different 
mean sizes (Marsh was larger). Pond and Slough types had similar areas, but Pond was 
usually found in bottomland positions. It was difficult to compare Rough and Slough with 
other types because there was only one polygon of each in the county. A larger frequency 
would make comparisons more certain. 
Recommendations 
The preceding vegetation descriptions should be used for describing only Fayette County 
GLO vegetation types. Applying these descriptions to vegetation types in other counties 
would be inappropriate. There are many more factors influencing vegetation distribution 
(climate, topography, human influence) than measured in this thesis project. Other measures 
could also have been applied to these data. Examples included the following: 
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1. An in-depth study of witness tree composition 
2. Size classes for each species in each vegetation type 
3. A study showing succession in the vegetation types using witness tree diameter and 
composition 
4. Measures of adjacency 
5. Comparisons with other historical sources (maps, written descriptions) 
6. Other landscape characteristics (landform, microclimate) 
7. More detailed data (soil types (mapping units) instead of soil associations) 
Other considerations for future researchers include the effects of humans on the 
environment, particularly vegetation. What influences did Native Americans have on their 
environment? How did the Euro-American settlers of the 1800s affect species composition 
(harvesting trees, plowing the prairie, suppressing natural and cultural fires)? Effects of 
climate on vegetation also need to be considered. GLO data provided a "snapshot" of 
vegetation patterns over a relatively short time period (1837 to 1849 in Fayette County). 
By studying and comparing vegetation descriptions it was possible to define vegetation 
types in a way that is useful to land managers as well as future researchers. 
Savanna Character 
Describing savanna character using GLO vegetation data was the most difficult goal of 
this thesis project to achieve. Because the definitions and descriptions of savanna were 
different from one source to another, it was difficult to present GLO data that helped define 
the character of savanna. To aid in the following discussion, vegetation types that were 
clearly not savanna were eliminated. The remaining ones were then described in the context 
of several different definitions of savanna. 
GLO data from both counties (Jackson County and Fayette County) were included in this 
analysis. In Fayette County, vegetation types were classified as follows: 
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Possibly Savanna Not Savanna 
• Barrens • Marsh (water feature) 
• Grove • Pond (water feature) 
• Prairie • Slough (water feature) 
• Timber • Field (cultural feature) 
• Rough 
• Thicket 
In Jackson County, the following vegetation types were classified as possibly savanna and 
not savanna: 
Possibly Savanna Not Savanna 
• Barrens • Field (cultural feature) 
• Grove • Island (part of a water feature) 
• Prairie • Lake (water feature) 
• Scattering • Pond (water feature) 
• Timber • River (water feature) 
• Timber-Scattering-Openings 
• Wet Prairie 
Criteria for initial selection ofGLO vegetation types included anyone of the following: 
• Transition area between prairie and timber 
• A community composed of both grass and trees 
• A community managed by fire 
In Fayette County, Barrens was the only vegetation type that met the criteria. The other 
vegetation types in Fayette County had were not considered savanna for the following 
reasons. 
Prairie witness tree distribution in Fayette County is shown in Figure 5-1. This map 
showed that witness trees in Prairie were typically found around the edges of Timber. From 
the criteria listed above, this distribution could have been considered a transitional vegetation 
type; however, Prairie contained too much open area to have been considered savanna. In 
contrast, Timber was too dense to have been considered savanna. Grove appeared to have 
been a small, dense stand of trees. The small stem diameters and high density of witness 
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trees per total area indicated that Grove was fairly new to the landscape and could have been 
a result of fire suppression or human influence. 
Deciding which vegetation types in Jackson County should be classified as savanna was 
not as clear as in Fayette County. Figure 5-2 shows witness tree distribution for Prairie in 
Jackson County. From this map, most of Prairie appears to have an even distribution of 
witness trees across the vegetation type. However, overall density of witness trees to total 
area was the least for Prairie in Jackson County. So, even though there were more witness 
trees found on Prairie in Jackson County than in Fayette County, there were more witness 
trees found in the other vegetation types in Jackson County as well. Table 5-1 shows chi-
square amounts for similar vegetation types in Fayette and Jackson. Chi-square is measured 
by comparing the observed frequencies of witness trees with the theoretical frequencies of 
witness trees. This theoretical frequency was based on the hypothesis that the two frequency 
distributions are not similar. The greatest differences between observed and expected 
frequencies in the chi-square table come from Prairie. But when using a confidence level of 
0.05, the computed critical value (16.07) is above the critical value in the chi-square table for 
3 degrees of freedom (7.81). Therefore, the hypothesis that the two are not similar is 
rejected. 
Vegetation types found only in Jackson County were Scattering trees, Timber-Scattering-
Openings (TSO), and Wet Prairie. Scattering and TSO appeared to fall somewhere between 
Timber and Prairie in relative density of witness trees. This brought up two biases in the data 
used in this thesis project. 
The first bias was that the township lines for Jackson County were surveyed in 1836 and 
the section lines were surveyed in 1837 and 1838. This two year time difference was critical 
in Iowa's history. According to Dodds (1943), the population oflowa in 1836 was 10,531. 
By 1838, the population had more than doubled to 22,859 (Jackson County was the eighth 
largest county in the state with a population of 881). This population increase was important 
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+ WITNESS TREES 
Figure 5-1 Distribution of witness trees in Prairie in Fayette County 
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Table 5-1 Chi-Square Table Comparing 
Frequency Distributions of Witness 
trees in Fayette and Jackson Counties 
VEGETATION FAYETTE JACKSON TOTAL 
TYPE 
TIMBER 
PRAIRIE 
GROVE 
BARRENS 
FAYETTE 
TIMBER 
PRAIRIE 
GROVE 
BARRENS 
JACKSON 
TIMBER 
PRAIRIE 
GROVE 
BARRENS 
COUNT COUNT COUNT 
1413 2527 3940 
200 482 682 
4 6 10 
8 35 43 
1625 3050 4675 
OBS EXP CHI 
1413 1370 1.38 
200 237 5.79 
4 3 0.08 
8 15 3.23 
1625 1625 10.48 
OBS EXP CHI 
2527 2570 0.74 
482 445 3.09 
6 7 0.04 
35 28 1.72 
3050 3050 5.58 
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to this thesis project because it helped explain the differences in witness tree distribution 
along the township lines. Figure 5-3 shows witness tree distribution in TSO. The higher 
concentration of witness trees along the township line seemed to indicate that the vegetation 
type might have been timber in 1836. By 1838, however, the population explosion and 
subsequent degradation of the area would have resulted in fewer trees and might have caused 
the later OLO section line deputy surveyors to record the vegetation type as scattering trees, 
or openings or timber. 
The second bias in this thesis project was that all trees included in the OLO survey notes 
were included in the calculations. This included the trees found on the survey line itself. 
These trees will always have a distance from the survey line of zero. By including these 
trees, this thesis project was able to get a better idea of overall species composition and 
relative density, but measures of witness tree distance were skewed. 
Even though the mean distance measurements for TSO and Scattering are less than that of 
Timber, it could be due to chance. If several of the witness trees in either of those types fell 
directly on the survey line, or a survey point (section comer or quarter corner) happened to 
fall within a concentrated clump of trees, the distance measures would be skewed towards a 
smaller mean distance. A better measure for this thesis project was relative density of 
witness trees. Figure 5-4 shows the relative density of witness trees per square kilometer in 
Jackson County. 
This measure was calculated by dividing the number of witness trees in the vegetation 
type by the total area of the vegetation type. This figure indicated that Barrens, TSO and 
Scattering all had a relative density less than that of Timber while Wet Prairie had a relative 
density closer to that of Prairie. 
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Figure 5-4 Relative Density of Witness Trees in Jackson County 
Recommendations 
In conclusion, this thesis project found that although it was difficult to classify these 
vegetation types as savanna, it was possible to explain some of the major differences. The 
savanna character in Jackson County was described by the Scattering, TSO and Barrens 
vegetation types. These three types indicated similar differences in witness tree composition 
and relative density than the other vegetation types. However, this preliminary classification 
of the savanna character needs to be continued. The question of savanna character is not 
something that can be resolved by looking at a limited amount of data in a limited area. To 
better answer this question, more research is needed. Further comparisons, like those in 
Fayette County, need to be calculated for Jackson County. Also, those same measures on 
other counties could further help explain differences in vegetation types. 
Other research could include comparisons of counties across the state to see ifthere were 
differences between vegetation types in the less disturbed western counties. Also, using only 
witness tree data (instead ofline trees and witness trees) may give a better measure of witness 
tree density. By using measures similar to Cottam's (l949a, 1949b), researchers can 
determine composition and density using different statistical measures. 
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Vector Comparison 
The final goal of this project was to detennine whether or not the use of vector-based GIS 
software was appropriate technology for resource management applications. 
Advantages 
Some of the advantages to using a vector-based GIS software package for this thesis 
project included the following: 
1. Much of the data was in a vector fonnat 
2. Digitizing additional infonnation in vector fonnat was done quickly and easily due to 
the programming abilities of the software 
3. Plotting and analysis of witness tree data (point features) was possible using a vector 
format 
4. Generation of area statistics and frequencies of witness trees was built into the vector 
software 
5. The ability to display the data in a vector format that is aesthetically pleasing to most 
people. 
Much of the digital data gathered for this thesis project was already in a vector fonnat. 
The state-wide township file, the county-wide section coverage, and the digital hypsography 
file were obtained from the Iowa DNR in a vector fonnat. Additional data in a vector fonnat 
also available for Fayette County included the following: 
• Roads 
• Streams 
• Alluvial deposits 
• Bedrock infonnation (depth, topography) 
Additionally, the United States Census Bureau distributes census data for the whole country 
in the form of TIGER files. TIGER files are in a vector fonnat with an attribute database 
containing, among other things, demographic information. Other information that was 
available in the vector fonnat included land use and land cover. 
Data sources that were not available for this thesis project had to be digitized quickly and 
accurately. Using the built-in programming language of the software, the time required to 
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manually digitize the data was decreased. Additional data digitized for this project included 
the following: 
1. 1875 Andreas Atlas map of Fayette County 
2. Soil association map for Fayette County 
3. Vegetation boundaries from two sources 
• SOS (Fayette and Jackson Counties) 
• WPA (Fayette County only) 
4. Witness tree distribution data for both Jackson and Fayette Counties 
The process for digitizing these data was described in Chapter Three. Future research could 
include a comparison of raster versus vector digitizing time for the same map source. 
Using a vector-based GIS allowed witness tree data to be plotted. By using points to 
denote witness tree locations in Fayette and Jackson Counties, it was possible to analyze the 
contents of vegetation types to determine witness tree composition and density. Doing an 
operation of this kind in a raster based GIS would require a very small cell size and multiple 
layers. This would result in larger storage requirements and increased processing time for 
computations. 
Generating statistics for area classes and frequencies was done very quickly using 
commands built into the ArcCAD software. It was also possible to compute statistics on 
multiple fields in the database. One example of this was statistics calculated for witness tree 
composition by vegetation type. The program had the capability to determine summary 
statistics for the vegetation type and the witness trees contained in that vegetation type. 
The ability to display data in a way that is familiar to people has been an advantage of 
vector-based GIS software from the beginning. Coarse (large cell size) raster data gives 
maps a stair-step appearance. Though the same data shown in a vector-based GIS looks more 
familiar to people (straight or nicely curved lines). The important point, though, was that this 
familiar appearance does not make the data more accurate. One of the major problems with 
vector-based data was that researchers often use the hard boundary lines as "true" edges. 
This may not be true in the landscape. Maps are representations of the landscape. The 
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accuracy is dependent on many other factors including field recording and compilation 
methods. 
Disadvantages 
1. Some ofthe map and data coverages were difficult to create and analyze 
2. Calculation times for clipping some coverages were lengthy 
The biggest disadvantage in using a vector-based GIS in this thesis project was that some 
of the maps were more difficult to create, analyze and display than they would have been in a 
raster-based system. In particular, the creation of the DEM for Fayette County was a time 
consuming process that involved many steps and three software packages. The analysis of 
the DEM for slope aspect and slope steepness was also a lengthy process. The slope aspect 
and slope steepness coverages had to have an extra step (dissolving similar, adjacent 
boundaries) in order to make it useable. In the end, the coverage was, in essence, a raster 
coverage. The individual polygons for each slope aspect and slope steepness category were 
formed from square polygons (cells) 250 meters on each side. Complex coverages, like slope 
aspect, slope steepness and soil types are better suited to a raster-based GIS than a vector-
based GIS. 
Another disadvantage was time. Some of the overlay operations on coverages (especially 
the complex ones) took a considerable amount of time to calculate. Future research could 
help compare time differences between similar raster and vector overlay operations. 
Recommendations 
This thesis project helped explore the possibilities of using vector-based GIS software to 
do traditional resource management. There were both positive and negative aspects to this 
approach. The recommendation, then, is that a combination of two would be the most 
efficient use of time and resources. Programs like GRASS (primarily a raster-based GIS) and 
ArclInfo (primarily vector-based) are helping to bridge this gap by providing capabilities for 
both structures in the GIS software. ArclInfo's GRID module makes raster calculations 
easier. The new revision also contains a program that will convert digital contour data to a 
DEM in one step. 
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The formation of the statewide Natural Resources GIS (NRGIS) is a step in the right 
direction for the DNR and the State of Iowa. By providing a database of GIS information, 
researchers and land managers will be able to get information quickly and efficiently. This 
gives them more time during a project to determine the best use of the data instead of the 
preparation of the data. The next important step, then, is to make the information easy to use 
and to provide it in several different forms so that the data is more flexible. Using software 
(like ArcCAD) with a graphical interface that is both simple and easy to use allows more 
people to access and use the information without extensive training. By using GIS software 
that allows calculations and display using either data structure, researchers are better able to 
make informed decisions about their data. 
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APPENDIX A. DNR.LSP 
;;;;;DNR.LSP (partial) 
;;;;;Written by Paul Anderson and Mike Miller 
;;;;;Fall 1993 
;;;;;DNR GLO Map Digitizing Project 
(defun C:CHGRO 0 
(command "COPY" "SI" PAUSE "0,0" "") 
(command II CHANGE II "P" "" "P" "LA" "LGRO" 1111) 
(princ) 
(defun C:CGRO 0 
(command "LAYER" "THAW" "*" "SETII "LGRO" "FREEZE" "*,, "THA\V" 
"TGRO,PGRO""") 
(princ) 
(defun C:DGRO 0 
(setq oos (getvar "osmode")) 
;(setvar "osmode" 0) ; endpoint snap 
(setq oce (getvar "cmdecho"») 
(setvar "cmdecho" 0) ; command echo off 
(setq oom (getvar "orthomode"») 
(setvar "orthomode" 0) ; ortho off 
(setq oel (getvar "elayer"») 
(command "LAYER" "SET" "LGRO" "") 
(command IIPLINE") 
) 
(defun C:LGRO 0 
) 
(command "OSNAP" "NONE") 
(command "LAYER" "SET II "TGRO" "") 
(command "STYLE" "ROMAND" "" "" "" "" "" "" "Nil) 
(command "TEXT" PAUSE "300" "0" "GRO") 
(command "LAYER" "SET"IIPGRO" 1111) 
(command "POINT") 
(princ) 
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APPENDIX B. VEG.LSP 
;;;;;veg.lsp 
;;;;;Written by Mike Miller 
;;;;;1112/94 
;;;;;DNR GLO map Digitizing Project 
(DEFUNC:VEG0 
(SETQ VEGPROP 
(THMDEF 
(UST (CONS -I 0) (CONS 1 flLPROP") 
(CONS 2 "RECORD II) (CONS 3 IILPROP") (CONS 60 0) 
) 
) 
) 
(IF (NULL VEGPROP) 
(PRINC II\nDEFINITION F AILED II) 
(pROGN 
(SETQ ITMI 
(IT.MDEF IILPROP" 
(LIST 
) 
) 
) 
(CONS -1 0) (CONS 0 "ITEMfI) (CONS 1 "ACAD_LAYER") 
(CONS 2 "C") (CONS 701) (CONS 71 31) (CONS 72 0) 
(CONS 73 31) 
(IF (NULL ITMI) 
(pRINC "\nITEM DEFINITION FAILED") 
(pRINC "\nITEM DEFINITION SUCCESSFULII) 
) 
) 
) 
(SETQ T 
(THMDEF 
(LIST 
) 
) 
) 
(CONS -1 0) (CONS 1 "TEIvfPfI) (CONS 2 "POLYGON") 
(CONS 3 "TEMP") (CONS 600) 
(pROMPT "\nSELECT FEATURES TO ADD TO THEME") 
(CMD (LIST IIADDFEATIIIITEMP" PAUSE "LPROP"» 
(SETQ CLN 
(SETQCLN 
(THMDEF 
(LIST 
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(CONS -1 0) (CONS 1 "VEG_CLN") (CONS 2 "POLYGON") 
(CONS 3 "VEG _ CLN") (CONS 60 0) 
) 
) 
) 
(SETQ FT (GETREAL "\nPLEASE ENTER THE FUZZY TOLERANCE ")) 
(SETQ DT (GETREAL "\nPLEASE ENTER THE DANGLE LENGTH ")) 
(CMD (LIST "CLEAN" "TEMP" "VEG_CLN" FT DT)) 
(CMD (LIST "JOINITEM" "VEG _ CLN" "LPROP" "VEG _ CLN" "VEG _ CLN _ID" 
"LAST" "LINK")) 
(CMD (LIST "KILL" "TEMP" "BOTH" "YES")) 
(CMD (LIST "KILL" "LPROP" "BOTH" "YES")) 
(CMD (LIST "LABERROR" "VEG _ CLN" "ERRORERR")) 
(CMD (LIST "LABERROR" "VEG _ CLN" "")) 
(COMMAND liLA YER" "THA WI! "ESRI _ SHP _ VEG _ CLN" "ft) 
(INITGET 1 "Y N") 
(SETQ ANS (GETKWORD "\nIS THIS COVERAGE OK? (Y)ES TO CONTINUE (N)O 
TO EDIT ")) 
(SETQ ANS (STRCASE ANS)) 
(IF (= ANS "N") 
(CMD (LIST "KILL" "VEG_CLN" "BOTH" "YES")) 
(PROGN 
) 
(CMD (LIST "CLRERROR" "VEG _ CLN")) 
(COMMAND liLA YER" "THAW" "*,, "S" "0" "F" "*" "") 
(CMD (LIST "SHOWTHM" "VEG _ CLN")) 
) 
(PRlNC) 
) 
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APPENDIX C. GLO VEGETATION DESCRIPTIONS 
GLO Vegetation Descriptions By Gary Hightshoe 
Barrens Sand is predominant at surface, minimal organic material. Vegetation cover is 
sparse with short grasses, scattered trees and open groves. Rock, usually gravel 
and/or boulders or rock outcrop pings and open vegetation cover with short 
herbaceous grass species, scattered trees and open groves. Steep rocky lands, 
possibly associated with gravel/sand moraines, sand terraces of major rivers, rolling 
landform swells and bluff headwalls. 
Field Cultivated lands of early pioneers with cleared timber lands, cultivated fields, 
buildings and "yard", orchards, etc. 
Grove Probably a fairly isolated patch of trees of irregular, circular, elliptical to elongated 
shape. In contrast with the dominant surrounding vegetation cover of grass or 
wetland. Small, few acres to hundreds of acres on any slope or landscape position. 
In eastern Iowa, includes paha. 
Marsh Perennial wetlands including potholes of small size, okaboji soils, etc. and large 
shallow basins of 100' s of acres in size. Most distinguishing feature is emergent 
vegetation. essentially cattails, prairie cordgrass and sedges, probably lotus and 
waterlily covered shallow lakes of morainal landscapes. Outside Wisconsinin glacial 
moraine in shallow oxbow lakes of flood plain and other poorly drained flats along 
major streams, irregular shape but can see entire shape in one view. 
Pond Small water body in uplands or lowlands, 10 acres or less and featuring open water 
over 90% of surface area. 
Prairie Upland swell·swale topography of good drainage, grass dominant as far as the eye 
can see or with individual or few scattered trees and groves. When in mosaic with 
timber, at least one side is grass as far as the eye can see (to the horizon). In Eastern 
Iowa and along major rivers in Central Iowa is on valley slopes ofless than 45% 
slope especially when both sides of river have less than 25% slopes. In Western 
Iowa includes all valley slopes of any gradient. Flora includes bluest ems and 
associated species. 
Timber Contiguous large block or corridor of dense trees that extends to the horizon in at 
least one direction. Ground cover is herbaceous·-not grass. Long steep valley walls 
above 25% slopes or along valley bottoms with valley walls above 25% on both 
sides, also large blocks of trees on uplands and at confluence of major rivers. Found 
on slopes and shoulders. 
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Thicket Impenetrable blocks of young trees, often thorny. Often along edges of timber or 
isolated patches in steep ravines or along tension zone (like islands) between timber 
and prairie, also willows and other woody small trees along water's edge of small 
rivers or creeks, wet ravines, and wet depressions including springs, seeps, etc. 
Slough Difference from marsh may be that slough is more linear, i.e. along slow moving 
drainage courses which include sluggish rivers, creeks. May be glacial streams 
feature? i.e. Skunk River Slough, not usually open water areas just mucky 
underfoot, hard for horse-drawn wagons to negotiate, hard to get around. 
Rough Perhaps low, waist high?, shrub lands associated with rough land (very uneven 
terrain), fire would "jump" over such areas. Again I think largely associated with 
steep slopes of roIling lands and valley side walls. 
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APPENDIX D. CENTER.LSP 
;~~~;CENTER.LSP 
;;~;;Written by Mike Miller 
;;;;;Spring 1994 
(DEFUN C:CENT 0 
(SETQ OBI (SSGET 
'«0. "3DFACE"»» 
(SETQ N (SSLENGTH OBI» 
(SETQ I 0) 
(REPEATN 
(SETQ OBn (ENTGET (SSNAME OBJ I») 
(SETQ I (1+ I» 
(SETQ LAI (CDR (ASSOC 8 OBJl») 
(SETQ PNTI (CDR (ASSOC 10 OBJl») 
(SETQ PNT2 (CDR (ASSOC 12 OBJl») 
(SETQ ANGI (ANGLE PNTI PNT2» 
(SETQ DISI (DISTANCE PNTI PNT2» 
(SETQ DIS2 (/ DIS 1 2» 
(SETQ MIDI (pOLARPNTI ANGI DIS2» 
(COMMAND "LAYER" "SET" LAI 1111) 
(COMMAND "POINT" MIDI) 
) 
(PRINC) 
) 
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APPENDIX F. FAYE SEC.BAS 
'FAYE SEC.BAS 1.3 
, UTILITY PROGRAM TO CONVERT UNI GLO SPREADSHEET 
, TOMULTI-RECORDREFORMAT 
I PAUL F. ANDERSON AND MICHAEL C. MILLER 
, DEPARTMENT OF LANDSCAPE ARCfllTECTURE 
I IOWA STATE UNIVERSITY 
I LAST REVISION: 19 OCTOBER 1994 
DEFINTI-N 
OPEN "FAYE REV.CSV" FOR OUTPUT AS #2 
IREC=O 
FOR ITIER = 91 TO 95 
FOR IRAN = 7 TO 10 
OPEN "FAYE SEC.CSV" FOR INPUT AS #1 
LINE INPUT #1, AN$ 
PRINT AN$ 
AN$ = LTRIM$(STR$(ITIER)) + LTRIM$(STR$(IRAN)) 
OPEN "FAYE" + AN$ + ".CSV" FOR OUTPUT AS #3 
PRINT ITIER, IRAN, AN$ 
DO 
ID = 0: ITWP = 0: !RANGE:;::: 0: IORI 0: IS 1 :;::: 0: IS2 :;::: 0: XCHA = O!: XMETERS 
:;::: O!: ICODE:;::: 0: IDI :;::: 0: IDIA! :;::: 0: INS 1 :;::: 0: XANGI :;::: O!: IEWI == 0: ILINKSI 
= 0: XMETERSI:;::: O!: ID2 0: IDIA2 0: INS2 = 0: XANG2:;::: O!: IEW2 = 0: 
ILINKS2 = 0: XMETERS2 :;::: O! 
INPUT #1, ID, ITWP, lRANGE, lORI, lSI, IS2, XCHA, XMETERS, ICODE, IDI, 
IDIAl, INSI, XANGI, IEWI, ILINKSI, XMETERS1, 102, IDIA2, INS2, XANG2, 
IEW2, ILINKS2, XMETERS2 
IF ID = 0 THEN EXIT DO 
IF ID 1 > 0 AND ITWP == ITIER AND !RANGE = IRAN THEN 
IREC lREC + 1 
IF lOR! 1 OR 10RI = 3 THEN 
IROW=«(ISl-l)\6)+ 1 
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IF (IROW MOD 2) 0 AND IS 1 > IS2 THEN 
ITEMP =IS2 
IS2 lSI 
lSI =ITEMP 
END IF 
IF (IROW MOD 2) I AND lSI < IS2 THEN 
ITEMP =IS2 
IS2 lSI 
lSI =ITEMP 
END IF 
ELSE 
IF IS 1 > IS2 THEN 
ITEMP= IS2 
IS2 = lSI 
lSI = ITEMP 
END IF 
END IF 
IF IORI < 3 AND ITWP = ITlER AND lRANGE IRAN THEN 
WRITE #2, lREC, ID, ITWP, lRANGE, lORI, lSI, IS2, XCHA, XMETERS, 
ICODE, IDI, IDIAI, INSl, XANGI, IEWl, ILINKSI, XMETERSI 
PRINT lREC; ID; ITWP; lRANGE; IORI; lSI; IS2; XCHA; XMETERS; ICODE; 
IDl; IDIAI; INS1; XANG1; lEWI; ILINKSl; XMETERSI 
WRITE #3, IS 1 
WRITE #3, IS2 
PRINT #3, USING "**##.##"; XMETERS 
WRITE #3, INSI 
PRINT #3, USING "**##.##"; XANGI 
WRITE #3, lEWl 
PRINT #3, USING "**##.##"; XMETERSI 
WRITE #3, lREC 
ELSE 
WRITE #2, lREC, ID, ITWP, lRANGE, lORI, IS2, lSI, XCHA, XMETERS, 
ICODE, IDl, IDIAl, INSl, XANGl, lEW 1 , ILINKSI, XMETERSI 
PRINT lREC; ID; ITWP; lRANGE; IORI; IS2; lSI; XCHA; XMETERS; ICODE; 
IDI; IDIAl; INSl; XANGl; lEW1; ILINKSl; XMETERSI 
WRITE #3, IS2 
WRITE #3, lSI 
PRINT #3, USING n**##.##"; XMETERS 
WRITE #3, INSl 
PRINT #3, USING "**##.##n; XANG 1 
WRITE #3, lEWl 
PRINT #3, USING "**##.##"; XMETERSI 
WRITE #3, IREC 
END IF 
END IF 
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IF ID2 > 0 AND ITWP ITlER AND IRANGE = IRAN THEN 
IREC = lREC + 1 
IF IORI = 1 OR IORI 3 THEN 
IROW=((ISI-I)\6)+ I 
IF (lROW MOD 2) 0 AND IS 1 > IS2 THEN 
ITEMP=IS2 
IS2 = lSI 
lSI = ITEMP 
END IF 
IF (IROW MOD 2) 1 AND IS I < IS2 THEN 
ITEMP=IS2 
IS2 = lSI 
lSI =ITEMP 
END IF 
ELSE 
IF IS 1 > IS2 THEN 
ITEMP= IS2 
IS2 = lSI 
lSI =ITEMP 
END IF 
END IF 
IF IORI < 3 THEN 
WRITE #2, lREC, ID, ITWP, IRANGE, lORI, lSI, IS2, XCHA, XMETERS, 
ICODE, ID2, IDIA2, INS2, XANG2, IEW2, ILINKS2, XMETERS2 
PRINT lREC; ID; ITWP; lRANGE; IORI; lSI; IS2; XCHA; XMETERS; ICODE; 
ID2; IDIA2; INS2; XANG2; lEW2; ILINKS2; XMETERS2 
WRITE #3, IS I 
WRITE #3, IS2 
PRINT #3, USING u**##.##"; XMETERS 
WRITE #3, INSl 
PRINT #3, USING "**##.#W l ; XANGI 
WRITE #3, lEWI 
PRINT #3, USING "**##.##"; XMETERSI 
WRITE #3, IREC 
ELSE 
WRITE #2, IREC, ID, ITWP, lRANGE, lORI, IS2, lSI, XCHA, XMETERS, 
ICODE, ID2, IDIA2, INS2, XANG2, IEW2, ILINKS2, XMETERS2 
PRINT lREC; ID; ITWP; IRANGE; IORI; IS2; lSI; XCHA; XMETERS; ICODE; 
ID2; IDIA2; INS2; XANG2; IEW2; ILINKS2; XMETERS2 
WRITE #3, IS2 
WRITE #3, lSI 
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PRINT #3, USING "**##.##"; XMETERS 
WRITE #3, INS I 
PRINT #3, USING "**##.##"; XANGI 
WRITE #3, lEWl 
PRINT #3, USING "**##.##"; XMETERSI 
WRITE #3, lREC 
END IF 
END IF 
LOOP WHILE NOT EOF(I) 
CLOSE # I: CLOSE #3 
NEXT IRAN 
NEXTITIER 
CLOSE 
END 
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APPENDIX H. MMNODE.LSP 
;;;;;MMNODE.LSP 
;;;;;Written By Mike Miller 
;;;;;Fall, 1994 
(DEFUN C:MN 0 
(SETQ A (GETSTRING "\nENTER THE TO\VNSHIP NUMBER "» 
(SETQ B (GETSTRING "\nENTER THE RANGE NUMBER "» 
(SETQV(STRCAT AB» 
(COMMAND "VIEW" "R" V) 
(SETQ AB (STRCAT "PNT"A"R"B» 
(SETQ AB2 (STRCAT "T"A"R"B» 
(SETQ TRNO 
) 
(THMDEF 
(LIST 
) 
) 
(CONS -10) 
(CONS 1 AB) 
(CONS 2 "POINT") 
(CONS 3 AB) 
(CONS 602) 
(IF (= TRNO AB) 
(pRINC "\nTHEME DEFINED") 
(pRINC "\nTHEME NOT DEFINED") 
) 
(COMMAND "LAYER" "Mil AB '''') 
(COMMAND "LAYER" "F" "*,, "T" "0" 1111) 
(CMD (LIST "SHOWTHM" AB2» 
(CMD (LIST "NODEPOINT" AB2 AB» 
(CMD (LIST "POINTS" AB ""» 
(SETQ SSt (SSGET '«0. "INSERT"»» 
(SETQ NUM (SSLENGTH SSI» 
(SETQ IND 0) 
(REPEATNUM 
(SETQ NM (ENTGET (SSNAME SS lIND») 
(SETQ ASI (CDR (ASSOC 10 NM») 
(SETQ IND (1+ IND» 
(COMMAND "TEXT" ASl "250" "" IND) 
) 
(PRINC) 
) 
;;;;;NUMBER.LSP 
;;;;; Written By Mike Miller 
;;;;;Fall 1994 
(DEFUN C:NUMBER 0 
(SETQ SSt {SSGET '«0. "INSERT")))) 
(SETQ NUM (SSLENGTH SSI)) 
(SETQIND 0) 
(REPEATNUM 
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{SETQ NM (ENTGET (SSNAME SSt IND))) 
{SETQ ASt (CDR (ASSOC 10 NM»)) 
(SETQ IND (1 + IND» 
(COMMAND "TEXT" AS 1 "250" "" IND) 
) 
(PRINC) 
) 
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APPENDIX I. WITNESS TREE AUTO LISP PROGRAMS 
;;;;;WIT_SEC.LSP 
;;;;;Written By Mike Miller 
;;;;;FaU 1994 
(DEFUN C:WIT 0 
(SETQ WI (GETPOINT "\nENTER THE UPPER LEFT BOUNDARY"» 
(SETQ W2 (GETPOINT "\nENTER THE LOWER RIGHT BOUNDARY"» 
(SETQ ANS (GETINT "\nHOW MANY POINTS> "» 
(SETQ TR (GET STRING "\nTIER AND RANGE? > "» 
(SETQ FIl (STRCAT "FAYE" TR ".CSV"» 
(SETQ IND 0) 
(SETQ Fl (OPEN FIl "R"» 
(REPEAT ANS 
(SETQ Ll (READ (READ-LINE Fl») 
(SETQ L2 (READ (READ-LINE Fl») 
(SETQ L3 (READ (READ-LINE Fl») 
(SETQ L4 (READ (READ-LINE Fl») 
(SETQ L5 (READ (READ-LINE Fl») 
(SETQ L6 (READ (READ-LINE Fl)) 
(SETQ L7 (READ (READ-LINE Fl») 
(SETQ L8 (READ (READ-LINE Fl») 
(SETQ CT (ATOI (STRCAT (ITOA Ll) (ITOA L2»» 
(COND 
«= CT 3536) (SETQ Ll 8 L2 9» 
«= CT 3635) (SETQ Ll 9 L2 8» 
«= CT 2536) (SETQ Ll 9 L2 2» 
«= CT 3625) (SETQ Ll 2 L2 9» 
«= CT 2625) (SETQ Ll 9 L2 10» 
«= CT 2526) (SETQ Ll 10 L2 9» 
«= CT 2425) (SETQ Ll 10 L2 3» 
«= CT 2524) (SETQ Ll 3 L2 10» 
«= CT 2324) (SETQ Ll 10 L2 11» 
«= CT 2423) (SETQ Ll 11 L2 10» 
«= CT 1324) (SETQ Ll 11 L24» 
«= CT 2413) (SETQ Ll 4 L2 11» 
«= CT 1413) (SETQ Ll 11 L2 12» 
«= CT 1314) (SETQ Ll 11 L2 12» 
«= CT 1213) (SETQ Ll 12 L2 5» 
«= CT 1312) (SETQ Ll 5 L2 12» 
«= CT 1112) (SETQ Ll 12 L2 13» 
«= CT 1211) (SETQ Ll 13 L2 12» 
((= CT 112) (SETQ L1 13 L2 6)) 
((= CT 121) (SETQ L1 6 L2 13)) 
((= CT 12) (SETQ L1 13 L2 14)) 
((= CT 21) (SETQ L1 14 L2 13)) 
((= CT 3435)(SETQ L1 15 L2 16)) 
((= CT 3534)(SETQ L1 16 L2 15)) 
((= CT 2635)(SETQ L1 16 L2 9)) 
((= CT 3526) (SETQ L1 9 L2 16)) 
((= CT 2726) (SETQ L1 16 L2 17)) 
((= CT 2627)(SETQ Ll17 L2 16)) 
((= CT 2326)(SETQ L1 17 L2 10)) 
((= CT 2623)(SETQ L1 10 L2 17)) 
((= CT 2223)(SETQ Ll 17 L2 18)) 
((= CT 2322) (SETQ L1 18 L2 17)) 
((= CT 1423) (SETQ L1 18 L2 11)) 
((= CT 2314)(SETQ Ll 11 L2 18)) 
((= CT 1514) (SETQ Ll 18 L2 19)) 
((= CT 1415) (SETQ L1 19 L2 18)) 
((= CT 1114)(SETQ L1 19 L2 12)) 
((= CT 1411) (SETQ L1 12 L2 19)) 
((= CT 1011)(SETQ Ll 19 L2 20)) 
((= CT 111O)(SETQ L1 20 L2 19)) 
((= CT 211)(SETQ L1 20 L2 13)) 
((= CT 112) (SETQ L1 13 L2 20)) 
((= CT 32) (SETQ Ll 20 L2 21)) 
((= CT 23) (SETQ L1 21 L220)) 
((= CT 3334) (SETQ Ll 22 L2 23)) 
((= CT 3433) (SETQ Ll 23 L2 22)) 
((= CT 2734) (SETQ Ll 23 L2 16)) 
((= CT 3427) (SETQ L1 16 L2 23)) 
((= CT 2827) (SETQ Ll 23 L2 24)) 
((= CT 2728) (SETQ L1 24 L2 23)) 
((= CT 2227) (SETQ Ll 24 L2 17)) 
((= CT 2722) (SETQ Ll 17 L2 24)) 
((= CT 2122) (SETQ Ll 24 L2 25)) 
((= CT 2221) (SETQ L1 25 L2 24)) 
((= CT 1522) (SETQ L1 25 L2 18)) 
((= CT 2215) (SETQ L1 18 L2 25)) 
((= CT 1615) (SETQ L1 25 L2 26)) 
((= CT 1516) (SETQ L1 26 L2 25)) 
((= CT 1015)(SETQ Ll 26 L2 19)) 
((= CT 151O)(SETQ Ll 19 L2 26)) 
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((= CT 910) (SETQ Ll 26 L2 27)) 
((= CT 109) (SETQ Ll 27 L2 26)) 
((= CT 310) (SETQ Ll 27 L2 20)) 
((= CT 103) (SETQ Ll 20 L2 27)) 
((= CT 43) (SETQ Ll 27 L2 28)) 
((= CT 34) (SETQ Ll 28 L2 27)) 
((= CT 3233) (SETQ Ll 29 L2 30)) 
((= CT 3332) (SETQ Ll 30 L2 29)) 
((= CT 2833) (SETQ Ll 30 L2 23)) 
((= CT 3328) (SETQ Ll 23 L2 30)) 
((= CT 2928) (SETQ Ll 30 L2 31)) 
((= CT 2829) (SETQ Ll 31 L2 30)) 
((= CT 2128)(SETQ Ll 31 L224)) 
((= CT 2821) (SETQ Ll 24 L2 31)) 
((= CT 2021)(SETQ Ll 31 L2 32)) 
((= CT 2120) (SETQ Ll 32 L2 31)) 
((= CT 1621) (SETQ Ll 32 L2 25)) 
((= CT 2116) (SETQ Ll 25 L2 32)) 
((= CT 1716) (SETQ Ll 32 L2 33)) 
((= CT 1617) (SETQ Ll 33 L2 32)) 
((= CT 916) (SETQ Ll 33 L2 26)) 
((= CT 169) (SETQ Ll 26 L2 33)) 
((= CT 89) (SETQ Ll 33 L2 34)) 
((= CT 98) (SETQ Ll 34 L2 33)) 
((= CT 49) (SETQ Ll 34 L2 27)) 
((= CT 94) (SETQ Ll 27 L2 34)) 
((= CT 54) (SETQ Ll 34 L2 35)) 
((= CT 45) (SETQ Ll 35 L2 34)) 
((= CT 3132) (SETQ Ll 36 L2 37)) 
((= CT 3231) (SETQ Ll 37 L2 36)) 
((= CT 2932) (SETQ Ll 37 L2 30)) 
((= CT 3229) (SETQ Ll 30 L2 37)) 
((= CT 3031) (SETQ Ll 37 L2 44)) 
((= CT 3130) (SETQ Ll 44 L2 37)) 
((= CT 3029) (SETQ Ll 37 L2 38)) 
((= CT 2930) (SETQ Ll 38 L2 37)) 
((= CT 2029) (SETQ Ll 38 L2 31)) 
((= CT 2920) (SETQ Ll 31 L238)) 
((= CT 1930) (SETQ Ll 38 L2 45)) 
((= CT 3019) (SETQ Ll 45 L2 38)) 
((= CT 1920) (SETQ Ll 38 L2 39)) 
((= CT 2019) (SETQ Ll 39 L2 38)) 
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«= CT 1720) (SETQ Ll 39 L2 32» 
«= CT 2017) (SETQ Ll 32 L2 39» 
«= CT 1819) (SETQ Ll 39 L2 46» 
«= CT 1918) (SETQ LI 46 L2 39» 
«= CT 1817) (SETQ Ll 39 L2 40» 
«=CT 1718)(SETQL140L2 39» 
«= CT 817) (SETQ Ll 40 L2 33» 
«= CT 178) (SETQ LI 33 L2 40» 
«= CT 718) (SETQ Ll 40 L2 47» 
«= CT 187) (SETQ Ll 47 L2 40» 
«= CT 78) (SETQ Ll 40 L2 41» 
«= CT 87) (SETQ Ll 41 L240» 
«= CT 58) (SETQ Ll 41 L2 34» 
«= CT 85)(SETQ Ll 34 L2 41) 
«= CT 67) (SETQ Ll 41 L248» 
«= CT 76) (SETQ Ll 41 L248» 
«= CT 65) (SETQ Ll 41 L242» 
«= CT 56) (SETQ Ll 42 L2 41» 
) 
(SETQ Ll (CONS 1 (ITOA Ll») 
(SETQ L2 (CONS 1 (ITOA L2») 
(SETQ LA (CONS 8 TR» 
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(SETQ SSt (CDR (ASSOC 10 (ENTGET (SSNAME (SSGET "W" WI W2 (LIST Ll 
LA» 0»») 
(SETQ SS2 (CDR (ASSOC 10 (ENTGET (SSNAME (SSGET "W" WI W2 (LIST L2 
LA» 0»») 
(SETQ ANG (ANGLE SSI SS2» 
(SETQ DIST L3) 
(SETQ LOCA (POLAR SS 1 ANG DIST» 
(SETQ ORIE (ATOI (STRCAT (ITOA L4) (ITOA L6»» 
(SETQ ANGL L5) 
(SETQ METE L 7) 
(COND 
) 
«= ORIE 12) (SETQ Bl ANGL» 
«= ORIE 14) (SETQ Bl (- 6.28 ANGL») 
«= ORIE 34) (SETQ Bl (+ 3.14159 ANGL») 
«= ORIE 32) (SETQ Bl (- 3.14159 ANGL») 
«= ORIE 00) (SETQ Bl 3.14159» 
(COMMAND "LAYER" "Tit "WIT_TREE" "S" "WIT_TREE" lilt) 
(COMMAND "TEXT" (POLAR LOCA B 1 METE) "250" '''' L8) 
) 
(PRINC) 
) 
;;;;;W1T_TWP.LSP 
;;;;; Written by Mike Miller 
;;;;;Fall 1994 
(DEFUN C:WITRT () 
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(SETQ WI (GETPOINT "\nENTER THE UPPER LEFT BOUNDARY"» 
(SETQ W2 (GETPOINT "\nENTER THE LOWER RIGHT BOUNDARY"» 
(SETQ TR (GETSTRING "\nTIER AND RANGE? >"» 
(SETQ ANS (GETINT "\nHOW MANY POINTS >"» 
(SETQ FIl (STRCAT "JTSP" TR ".CSV"» 
(SETQ IND 0) 
(SETQ Fl (OPEN FIl"R"» 
(REPEAT ANS 
(SETQ Ll (READ (READ-LINE FI») 
(SETQ L2 (READ (READ-LINE Fl») 
(SETQ L3 (READ (READ-LINE Fl») 
(SETQ L4 (READ (READ-LINE Fl») 
(SETQ L5 (READ (READ-LINE Fl») 
(SETQ L6 (READ (READ-LINE Fl») 
(SETQ L7 (READ (READ-LINE Fl») 
(SETQ L8 (READ (READ-LINE Fl») 
(SETQ CT (ATOI (STRCAT (ITOA Ll) (ITOA L2»» 
(COND 
«= CT 136) (SETQ Ll 7 L2 14» 
«= CT 235) (SETQ Ll 14 L2 21» 
«= CT 334) (SETQ LI 21 L228» 
«= CT 433) (SETQ Ll 28 L2 35» 
«= CT 532) (SETQ Ll 35 L2 42» 
«= CT 631) (SETQ Ll 42 L2 49» 
«= CT 16) (SETQ Ll 6 L2 7» 
«= CT 127) (SETQ Ll 5 L2 6» 
«= CT 1318) (SETQ Ll 4 L2 5» 
«= CT 2419) (SETQ Ll 3 L24)) 
«= CT 2530) (SETQ Ll 2 L2 3» 
«= CT 3631)(SETQ Ll 1 L22» 
«= CT 361) (SETQ Ll 7 L2 14» 
«= CT 352) (SETQ Ll 14 L2 21» 
«= CT 343) (SETQ Ll 21 L228» 
«= CT 334) (SETQ Ll 28 L2 35» 
«= CT 325) (SETQ Ll 35 L2 42» 
«=CT316) (SETQLI42L249» 
«= CT 3136)(SETQ Lil L22» 
«= CT 3025) (SETQ Ll 2 L2 3» 
«= CT 1924) (SETQ Ll 3 L2 4» 
«= CT 1813) (SETQ Ll 4 L2 5» 
«= CT 712) (SETQ LI 5 L26» 
«= CT 61) (SETQ Ll 6 L2 7» 
) 
(SETQ Ll (CONS 1 (ITOA LI») 
(SETQ L2 (CONS 1 (ITOA L2») 
(SETQ WI (CONS 8 "WIT_TREE"» 
150 
(SETQ SSIA (SSGET "W" WI W2 (LIST Ll)) 
(SETQ SSIB (SSGET "W" WI W2 (LIST LI WI») 
(COMMAND "SELECT" SSIA "R" SSIB) 
(SETQ SS lAB (SSGET "P"» 
(SETQ SSl (CDR (ASSOC 10 (ENTGET (SSNAME SSIAB 0»») 
(SETQ SS2A (SSGET "WI! WI W2 (LIST L2») 
(SETQ SS2B (SSGET "W" WI W2 (LIST L2 WI») 
(COMMAND "SELECT" SS2A "R" SS2B) 
(SETQ SS2AB (SSGET "P"» 
(SETQ SS2 (CDR (ASSOC 10 (ENTGET (SSNAME SS2AB 0»») 
(SETQ ANG (ANGLE SSl SS2» 
(SETQ DIST L3) 
(SETQ LOCA (POLAR SSI ANG DIST» 
(SETQ ORlE (ATOI (STRCAT (ITOA L4) (ITOA L6»)) 
(SETQ ANGL L5) 
(SETQ METE L 7) 
(COND 
) 
«= ORIE 12) (SETQ Bl ANGL» 
«= ORIE 14) (SETQ Bl (- 6.28 ANGL») 
«= ORIE 34) (SETQ BI (+ 3.14159 ANGL») 
«= ORIE 32) (SETQ Bl (- 3.14159 ANGL») 
«;::0 ORIE 00) (SETQ Bl 3.14159» 
(COMMAND "LAYER" "S" "WIT_TREE21t "") 
(COMMAND "TEXT" (POLAR LOCA B 1 METE) "250" It!I L8) 
) 
"PRINC) 
